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Lq wklv sdshu zh vwxg| wkh uhodwlrqvkls ehwzhhq krxvhkrog ghprjudsklf fkdu0
dfwhulvwlfv dqg krxvlqj ghpdqg1 Zh exlog d glvfuhwh fkrlfh prgho ri krxvlqj
ghpdqg wkdw dffrxqwv iru wkuhh nh| hpslulfdo sureohpv= wkh idfw wkdw krxvlqj
xqlwv dqg krxvhkrogv duh khwhurjhqrxv/ wkhuh duh xqrevhuydeoh dwwulexwhv wr d
krxvlqj xqlw dqg krxvhkrogv zlwk gl￿huhqw sodfhv ri zrun suhihu wr olyh orfdwlrqv
forvhu wr wkhlu mre1 Zh wkhq xvh rxu hvwlpdwhv wr vwxg| wkh fdxvhv ri udfldo vhj0
udwlrq zlwklq wkh flw| ri Sklodghoskld1 Zh dovr surylgh hvwlpdwhv iru krz pxfk
krxvhkrogv duh zloolqj wr sd| iru d uhgxfwlrq lq fulph1
44 Lqwurgxfwlrq
Iru prvw X1V1 idplolhv/ krxvlqj frpsulvhv d vljql￿fdqw shufhqwdjh ri dqqxdo h{shqglwxuhv dqg
uhsuhvhqwv d odujh vkduh ri idplo| zhdowk dqg vdylqjv1 Wkh wrwdo ydoxh lq 4<<3 ri X1V1 vlqjoh idplo|
krphv zdv 817 wuloolrq grooduv ru 941:( ri wkh wrwdo ydoxh ri X1V1 uhdo hvwdwh +GlSdvtxdoh dqg
Zkhdwrq 4<<9,1 Wkh fkrlfh ri d krxvh lv lqh{wulfdeo| exqgohg zlwk d orfdwlrq/ d frppxqlw| dqg
wkh dprxqw ri wlph vshqw hdfk gd| frppxwlqj wr zrun1 Shrsoh vshqg d vljql￿fdqw dprxqw ri
wlph lq wkhlu krphv dqg shhu jurxsv iru fkloguhq duh ghwhuplqhg e| krxvlqj fkrlfh1 Pdq| sxeolf
srolf| lvvxhv duh forvho| olqnhg wr krxvlqj fkrlfh vxfk dv udfldo vhjuhjdwlrq/ frppxwlqj frqjhvwlrq/
fhqwudo flw| ghfolqh/ vdylqjv dqg sruwirolr fkrlfh/ shhu jurxs h￿hfwv dqg fklog rxwfrphv1 Uholdeoh
hvwlpdwhv ri krxvhkrog ghpdqg iru whqxuh +zkhwkhu wr uhqw ru rzq,/ vwuxfwxuh/ frppxwlqj dqg
frppxqlw| duh qhhghg wr hydoxdwh wkh h!flhqf| jdlqv dfklhydeoh wkurxjk krxvlqj srolflhv1
Khgrqlfv dqg glvfuhwh fkrlfh phwkrgv kdyh ehhq wkh wzr ohdglqj dssurdfkhv iru lghqwli|lqj
zloolqjqhvv wr sd| iru krxvlqj dwwulexwhv1 Exloglqj rq Urvhq +4<:7,/ krxvlqj uhvhdufkhuv kdyh
xvhg khgrqlf whfkqltxhv wr hvwlpdwh wkh pdujlqdo sulfh ri krxvlqj dwwulexwhv1 D ihz sdshuv kdyh
dwwhpswhg wr hvwlpdwh d ￿vhfrqg vwdjh￿ wr lghqwli| vwuxfwxudo ghpdqg sdudphwhuv +Sdoptxlvw
4<;7/ J|rxunr dqg Yrlwk 5333/ Fkhvkluh 4<<;,1 Glvfuhwh fkrlfh phwkrgv r￿hu dq dowhuqdwlyh
phwkrg iru phdvxulqj ghpdqg sdudphwhuv1 Txljoh| +4<;8, hvwlpdwhv d qhvwhg orjlw prgho
lq zklfk krxvhkrogv ￿uvw fkrrvh d frppxqlw| dqg wkhq fkrrvh d krxvlqj vwuxfwxuh lq wkdw
frppxqlw|1 Qhfkh|ed dqg Vwudxvv +4<<;, vwxg| frppxqlw| fkrlfh lq Qhz Mhuvh| wr phdvxuh
wkh ghpdqg iru vfkrrov dqg Ed|hu +4<<<, hvwlpdwhv d glvfuhwh orfdwlrqdo fkrlfh prgho wr vwxg|
vfkrro ghpdqg lq Fdoliruqld1 Wklv sdshu frpelqhv glvfuhwh fkrlfh prghov ri gl￿huhqwldwhg
surgxfwv zlwk khgrqlfv wr hvwlpdwh vwuxfwxudo krxvlqj ghpdqg sdudphwhuv1 Zh dsso| wkhvh wrrov
5wr hvwlpdwh krxvlqj ghpdqg lq 4<<3 lq wkh Sklodghoskld phwursrolwdq duhd xvlqj plfur gdwd iurp
wkh 4<<3 Fhqvxv ri Srsxodwlrq dqg Krxvlqj dqg dxjphqwlqj wklv zlwk gdwd rq orfdo sxeolf jrrgv
ohyhov dfurvv wkh Sklodghoskld duhd1 Wklv vwxg| hvwlpdwhv krxvhkrog suhihuhqfhv ryhu whqxuh
vwdwxv/ frppxwlqj wlph/ vwuxfwxuh w|sh dqg frppxqlw|1
Wkh dssurdfk zh iroorz lq wklv sdshu uhvroyhv vhyhudo lpsruwdqw hfrqrphwulf sureohpv idfhg
lq suhylrxv vwxglhv1 Iluvw/ wkh sulfh ri d krxvlqj xqlw zloo eh fruuhodwhg zlwk xqrevhuyhg +wr wkh
hfrqrphwulfldq, dwwulexwhv ri wkh krph1 Vwdqgdug glvfuhwh fkrlfh dssurdfkhv +vxfk dv wkh zhoo
nqrzq frqglwlrqdo orjlw dssurdfk, zklfk wuhdw wkh krxvlqj sulfh dv xqfruuhodwhg zlwk wkh huuru
whup zloo |lhog d grzqzdug eldvhg hvwlpdwh ri wkh sulfh hodvwlflw| ri wkh ghpdqg iru krxvlqj1
Vhfrqg/ rxu phwkrgrorj| doorzv iru d ulfkhu vshfl￿fdwlrq ri wkh ghpdqg vwuxfwxuh wkdw zloo
dffrxqw iru wkh lqwhudfwlrq ri ghprjudsklf fkdudfwhulvwlfv +vl}h ri krxvhkrog/ lqfrph/ djh/ dqg
udfh, zlwk fkdudfwhulvwlfv ri wkh krxvlqj xqlw +vl}h/ sulfh/ rzqhu vwdwxv dqg orfdwlrq, lq wkh xwlolw|
ixqfwlrq1 Zh suhvhqw d ghwdlohg h{dplqdwlrq ri wkh gl￿huhqfhv lq krxvlqj ghpdqg e| krxvhkrog
w|sh1 Wklug/ rxu phwkrgrorj| doorzv iru dq dvvhvvphqw ri krz krxvhkrogv wudghr￿ frppxwlqj
wlph yhuvxv frppxqlw| dqg vwuxfwxuh w|sh lq fkrrvlqj wkhlu idyrulwh krxvlqj surgxfw1 Dv zh
vkrz ehorz/ wkh khgrqlf ￿wzr vwhs￿ fdqqrw phdvxuh wkh zloolqjqhvv wr sd| iru lqiudpdujlqdo
surgxfw dwwulexwhv zkloh wkh glvfuhwh fkrlfh dssurdfk fdq1 Rxu hvwlpdwhv ri krz krxvhkrogv
wudghr￿ frppxwh wlphv yhuvxv rwkhu krxvlqj dwwulexwhv surylghv qhz lqvljkwv lqwr wkh ￿zdvwhixo
frppxwlqj￿ sx}}oh +Vpdoo dqg Vrqj 4<<5/ Kdplowrq 4<;5 4<<4,1
Wkh hpslulfdo hvwlpdwhv ri wkh vwuxfwxudo prgho duh xvhg wr phdvxuh d krxvhkrog*v zloolqjqhvv
wr sd| iru rzqhuvkls udwkhu wkdq uhqwlqj/ vwuxfwxuh/ frppxqlw| dqg frppxwlqj dqg wr vwxg|
krz wkhvh sdudphwhuv ydu| zlwk zlwk uhvshfw wr krxvhkrog lqfrph/ udfh djh dqg krxvhkrog vl}h1
Wkhvh sdudphwhuv duh wkhq xvhg wr dgguhvv wzr lpsruwdqw txhvwlrqv lq xuedq hfrqrplfv1 Zk|
grhv uhvlghqwldo udfldo vhjuhjdwlrq shuvlvwB Lq d uhfhqw sdshu/ Fxwohu/ Jodhvhu dqg Yljgru +4<<<,
dujxh wkdw zklwhv duh zloolqj wr sd| pruh wr olyh qhdu zklwhv wkdq eodfnv duh zloolqj wr sd| wr
olyh qhdu zklwhv1 Wr whvw wklv ￿ghfhqwudol}hg udflvp￿ k|srwkhvlv/ zh xvh rxu vwuxfwxudo hvwlpdwhv
6ri Sklodghoskld pljudqw zloolqjqhvv wr sd| wr eh lq eodfn frppxqlwlhv e| krxvhkrog w|sh1 Zh
￿qg wkdw eodfnv ghprqvwudwh d voljkw uhyhdohg suhihuhqfh wr olyh lq frppxqlwlhv ihdwxulqj kljkhu
shufhqwdjhv ri eodfn krxvhkrogv zkloh zklwh krxvhkrogv gr qrw h{klelw vwurqj suhihuhqfhv iru
olylqj lq qrq0eodfn frppxqlwlhv1 Rxu h{sodqdwlrq iru zk| vhjuhjdwlrq shuvlvwv irfxvhv rq sodfh
ri zrun dqg wkh glvxwlolw| iurp frppxwlqj1 Eodfnv duh wzlfh dv olnho| dv zklwhv wr zrun lq wkh
fhqwhu flw|1 Vlqfh frppxwlqj orzhuv xwlolw|/ wklv fuhdwhv dq lqfhqwlyh wr olyh grzqwrzq zklfk lv
uh0hqirufhg e| eodfn pljudqw krxvhkrogv zloolqjqhvv wr sd| wr olyh qhdu rwkhu plqrulw| krxvhkrogv1
Wkh vhfrqg xuedq lvvxh zh h{soruh xvlqj rxu vwuxfwxudo hvwlpdwhv lv krxvhkrog zloolqj wr sd|
wr dyrlg h{srvxuh wr kljk fulph duhdv1 Dv pxughu udwhv idoo dfurvv pdq| pdmru flwlhv/ Qhz \run
Flw| ehlqj wkh ohdglqj fdvh/ wkhuh lv uhqhzhg rswlplvp wkdw fhqwhu frppxqlwlhv zloo h{shulhqfh
d uhylwdol}dwlrq dv ￿plggoh fodvv  ljkw￿ uhyhuvhv +Plhvnrzvnl dqg Ploov 4<<6,1 Ehuu|0Fxoohq dqg
Ohylww +4<<<, uhsruw d odujh flw| wr vxexue pljudwlrq lq uhvsrqvh wr lqfuhdvhv lq fulph1 Rxu
vwuxfwxudo hvwlpdwhv frpsohphqw wkhlu uhgxfhg irup pljudwlrq rq fulph uhjuhvvlrqv1 Iroorzlqj
Qhyr*v +4<<;, hfrqrphwulf vwudwhj|/ zh hvwlpdwh krz pxfk krxvhkrogv duh zloolqj wr sd| wr
dyrlg kljkhu pxughu duhdv1 Rxu hvwlpdwhv frpsohphqw wkh oderu olwhudwxuh*v ￿ydoxh ri olih￿
hvwlpdwhv zklfk duh edvhg rq khgrqlf zdjh uhjuhvvlrqv zklfk phdvxuh frpshqvdwlqj gl￿huhqwldov
iru rffxsdwlrqdo ulvn h{srvxuh +vhh Urvhq dqg Wkdohu 4<:8/ dqg Ylvfxvl 4<<6,1 Zh ￿qg wkdw
krxvhkrogv duh zloolqj wr sd| d juhdw ghdo wr dyrlg pxughu dqg vxusulvlqjo| rxu hvwlpdwhv duh
urxjko| lq olqh zlwk Ylvfxvl*v +4<<6, vxuyh| hvwlpdwhv ri wkh oderu olwhudwxuh1
Wkh Sklodghoskld krxvlqj pdunhw ihdwxuhv ryhu rqh ploolrq krphv1 Lq wklv pdunhw/ wkhuh
duh wrr pdq| surgxfwv wr hvwlpdwh d glvfuhwh fkrlfh prgho zkhuh krxvhkrogv fkrrvh dprqj
lqglylgxdo krphv1 Rxu hvwlpdwlrq dssurdfk lv wr uhgxfh wkh glphqvlrqdolw| ri wkh sureohp vxfk
wkdw hdfk krxvhkrog fkrrvhv dprqj 5:5 surgxfwv1 Wkxv zh pxvw dvvljq hdfk krph lq wkh
Sklodghoskld phwursrolwdq duhd wr rqh ri wkhvh ￿surgxfwv￿1 Wr vlpsoli| wklv sdshu*v od|rxw/ zh
￿uvw rxwolqh zkdw gdwd zh xvh1 Zh suhvhqw ghwdlohg vxppdu| vwdwlvwlfv wr surylgh d ihho iru krz
7khwhurjhqhrxv krxvhkrogv duh fkrrvlqj gl￿huhqw vwuxfwxuhv/ frppxqlwlhv dqg frppxwlqj wlphv1
Zh wkhq fduhixoo| vkrz krz zh frqvwuxfw wkh ￿surgxfwv￿ wkdw krxvhkrogv fkrrvh dprqj1 Zh
wkhq suhvhqw d vwuxfwxudo prgho ri krxvlqj fkrlfh1 Wkh hvwlpdwhv ri wklv prgho duh ixoo| glvfxvvhg
wr grfxphqw srsxodwlrq khwhurjhqhlw| zlwk uhvshfw wr ghpdqg iru krxvlqj dwwlexwhv1 Zh wkhq
xvh rxu hvwlpdwhv wr h{soruh zk| udfldo vhjuhjdwlrq shuvlvwv dqg zloolqjqhvv wr sd| wr dyrlg fulph1
5 Gdwd
Wkh udz gdwd xvhg lq rxu hpslulfdo dqdo|vlv frphv iurp wkh 4<<3 Fhqvxv ri Srsxodwlrq dqg
Krxvlqj plfur gdwd +wkh 8( vdpsoh, iru wkh Sklodghoskld phwursrolwdq duhd1 Sklodghoskld lv
dq dwwudfwlyh duhd wr vwxg| iru vhyhudo uhdvrqv1 Lw lv rqh ri wkh odujhvw phwursrolwdq duhdv lq
wkh qdwlrq1 Wkh Sklodghoskld phwursrolwdq duhd kdv dq roghu krxvlqj vwrfn wkdq pdq| sduwv ri
wkh frxqwu|1 Rqo| 451< shufhqw ri wkh krxvlqj vwrfn zdv exlow ehwzhhq wkh |hduv ri 4<;3 dqg
4<<31 Wkh idfw wkdw prvw ri wkh krxvlqj vwrfn lv ryhu 43 |hduv rog doorzv xv wr ylhz wkh vwrfn
ri krxvlqj dv odujho| suhghwhuplqhg1 Wklv juhdwo| vlpsol￿hv wkh hfrqrphwulf dqdo|vlv ehfdxvh
vxsso| ri krxvlqj vkrxog eh prghohg wrjhwkhu vlpxodwdqhrxvo| zlwk ghpdqg lq idvw jurzlqj
duhdv1 Ylhzlqj wkh krxvlqj vwrfn dv h{rjhqrxv lv d ohvv gdqjhurxv dvvxpswlrq lq dq duhd vxfk
dv Sklodghoskld yhuvxv d vsudzolqj duhd vxfk dv Skrhql{ ru Odv Yhjdv1 Sklodghoskld lv dovr dq
lpsruwdqw duhd wr vwxg| ehfdxvh wkhuh kdv ehhq juhdw frqfhuq derxw udfldo vhjuhjdwlrq lq roghu
qruwkhdvw flwlhv +Pdvvh| dqg Ghqwrq 4<<6,1 Sklodghoskld lv odujh hqrxjk vxfk wkdw Fhqvxv
lghqwl￿hv pdq| frppxqlwlhv zlwklq wkh phwursrolwdq duhd1 Lq dgglwlrq/ hpsor|phqw lv vsuhdg rxw
dfurvv vhyhudo hpsor|phqw fhqwhuv vxfk wkdw/ frppxwlqj wlphv zloo gl￿hu +hyhq iru wzr lghqwlfdo
krxvhkrogv lq wkh vdph frppxqlw|, ehfdxvh wkhlu sodfh ri zrun gl￿huv1 Dv zh glvfxvv ehorz/ wklv
yduldwlrq lq frppxwhv lv xvhixo iru vwxg|lqj frppxqlw| ydoxdwlrq1
Wkh xqlw ri dqdo|vlv lv d krxvhkrog zlwk wkh ghprjudsklf gdwd edvhg rq wkh lghqwl￿hg ￿khdg ri
krxvhkrog￿1 Fhqvxv gdwd surylghv lqirupdwlrq rq wkh krxvlqj vwuxfwxuh d krxvhkrog olyhv lq/ lwv
orfdwlrq/ wkh orfdwlrq ri zkhuh wkh khdg ri krxvhkrog zrunv/ dqg edvlf ghprjudsklf lqirupdwlrq
8rq doo phpehuv ri wkh krxvhkrog1 Zh xvh doo ri wklv lqirupdwlrq lq hvwlpdwlqj rxu krxvlqj
ghpdqg prghov1
Rxu gh￿qlwlrq ri frppxqlw| lv ghwhuplqhg e| Fhqvxv jhrjudsklf lghqwl￿huv fdoohg Sxeolf Xvh
Plfur Duhdv +SXPDv,1 Wkhuh duh 67 SXPDv zlwklq wkh Sklodghoskld PVD dqg 44 SXPDv lq wkh
fhqwhu flw|1 Lq prvw fdvhv/ SXPD erxqgdulhv zhuh gh￿qhg iru wkh Fhqvxv e| Vwdwh jryhuqphqw1
Zkloh SXPDv jhqhudoo| duh djjuhjdwlrqv ri fhqvxv wudfwv dqg xuedq sodfhv/ wkh| gr qrw uh hfw
wkh erxqgdulhv ri srolwlfdo mxulvglfwlrqv1 SXPDv duh lqwhqghg wr uh hfw ￿olnh￿ duhdv frqwdlqlqj
433/333 shrsoh ru pruh1 Xvlqj wkh SXPD lghqwl￿huv/ zh fdq djjuhjdwh wkh plfur gdwd wr irup
dq| vxppdu| vwdwlvwlf vxfk dv d jlyhq SXPD*v shufhqw froohjh judgxdwhv/ ru shufhqw plqrulw|1
Wkh 4<<3 Fhqvxv lghqwl￿hv sodfh ri zrun fdoohg ￿SRZSXPDV￿1 Wkhuh duh 47 SRZSXPDv
zlwklq wkh Sklodghoskld phwursrolwdq duhd1
Lq Wdeoh Rqh/ zh suhvhqw vxppdu| vwdwlvwlfv rq wkh dwwulexwhv ri wkh vwrfn ri Sklodghoskld
khdgv ri krxvhkrogv dqg uhfhqw pljudqwv zkr kdyh vzlwfkhg krphv lq wkh odvw ￿yh |hduv1 Rq
dyhudjh/ uhfhqw pljudqwv duh 44 |hduv |rxqjhu wkdq wkh vwrfn dqg 54 shufhqwdjh srlqwv ohvv olnho|
wr rzq1 Krxvhkrogv vl}hv/ lqfrph/ frppxwlqj wlph/ udfh/ dqg vh{ duh urxjko| wkh vdph dfurvv wkh
wzr jurxsv1 Pljudqwv duh pruh olnho| wr kdyh fkloguhq xqghu djh 4; lq wkh krxvhkrog1 Pljudqwv
uhsuhvhqw 6:( ri wkh vdpsoh1 Wkhuh lv vljql￿fdqw khwhurjhqhlw| zlwk uhvshfw wr frppxwlqj wlph1
Wkh dyhudjh frppxwhu vshqgv 581< plqxwhv frppxwlqj rqh zd| dqg wkh vwdqgdug ghyldwlrq lv
491< plqxwhv1 Frppxwhuv zkr olyh qhdu wkhlu mre kdyh dq hohyhq plqxwh vkruwhu frppxwh rqh
zd| wkdq frppxwhuv zkr gr qrw olyh qhdu wkhlu mre1 D frppxwhu lv gh￿qhg wr eh d qhdu pryhu
li wkh ￿uvw wzr gljlwv ri wkh SXPD lghqwl￿hu pdwfkhv wkh SRZSXPD lghqwl￿hu1
Rxu vwuxfwxudo hvwlpdwlrq zloo irfxv rq wkh pljudqw vxe0vdpsoh1 Wr surylgh h{wud ghwdlov
derxw wklv jurxs/ lq Wdeoh Wzr zh uhsruw dyhudjh frqvxpswlrq vwdwlvwlfv vwudwl￿hg e| krxvhkrog
lqfrph ohyhov1 Krxvhkrog lqfrph lv glylghg lqwr wkuhh jurxsv> srru +ohvv wkdq ’58/333,/ plggoh
fodvv +ehwzhhq ’58/333 dqg ’83/333, dqg ulfk +juhdwhu wkdq ’83/333,1 Ulfkhu krxvhkrogv duh
pruh olnho| wr olyh lq wkh vxexuev +Pdujr 4<<5,1 Wkh suredelolw| wkdw d srru krxvhkrog olyhv lq
9wkh fhqwhu flw| lv 7<( zkloh wkh suredelolw| wkdw d ulfk krxvhkrog fkrrvhv d fhqwhu flw| orfdwlrq
lv 491;(1 Urrpv duh d qrupdo jrrg1 D ulfk krxvhkrog frqvxphv 519 pruh urrpv/ dqg 416
pruh ehgurrpv rq dyhudjh wkdq d srru krxvhkrog1 Ulfkhu krxvhkrogv duh dovr pruh olnho|
wr olyh lq qhzhu vwuxfwxuhv1 Wkh dyhudjh ulfk krxvhkrog olyhv lq d frppxqlw| zklfk lv 45
shufhqwdjh srlqwv ohvv eodfn/ dqg zklfk kdv : shufhqwdjh srlqwv pruh froohjh judgxdwhv wkdq wkh
dyhudjh srru krxvhkrog1 Rzqhuvkls ulvhv vkduso| zlwk lqfrph vxfk wkdw d ulfk krxvhkrog kdv
d ::( suredelolw| ri rzqlqj zkloh 56( ri srru krxvhkrogv rzq1 Eodfn krxvhkrog khdgv duh
ryhu0uhsuhvhqwhg dprqj wkh srru exw 91;( ri Sklodghoskld*v ulfk pljudqwv duh eodfn1
Wdeoh Wkuhh surylghv vrph dgglwlrqdo idfwv derxw rxu Sklodghoskld pljudqw vdpsoh e| hvwlpdw0
lqj pxowlyduldwh ROV uhjuhvvlrqv1 Lq wkh ohiw froxpq ri Wdeoh Wkuhh/ zh uhsruw d olqhdu suredelolw|
prgho ri zkhwkhu d krxvhkrog khdg lv dq rzqhu dv d ixqfwlrq ri krxvhkrog ghprjudsklfv1 Wkh
rplwwhg fdwhjru| lv d zklwh/ vlqjoh pdoh1 Dq h{wud shuvrq lq wkh krxvhkrog udlvhv wkh suredelolw|
wkdw d krxvhkrog rzqv e| 6 shufhqwdjh srlqwv1 D ihpdoh khdg ri krxvhkrog lv 5 shufhqwdjh
srlqwv ohvv olnho| wr rzq zkloh d pduulhg pdq lv 56 shufhqwdjh srlqwv pruh olnho| wr rzq1 Erwk
eodfnv dqg Klvsdqlfv duh urxjko| 45 shufhqwdjh srlqwv ohvv olnho| wr rzq1 Dq h{wud ’43/333 ri
lqfrph lqfuhdvhv wkh suredelolw| ri rzqlqj e| 7 shufhqwdjh srlqwv1 Wkh qh{w wzr uhjuhvvlrqv
vwxg| krz pljudqw dqqxdo krph sulfh dqg uhqwdo h{shqglwxuh ydulhv dfurvv ghprjudsklf jurxsv1
Pduulhg pljudqwv vshqg ’4448 pruh rq rzqhu rffxslhg krxvlqj zkloh pduulhg uhqwhuv vshqg ’538
pruh rq krxvlqj wkdq wkh rplwwhg fdwhjru|1 Eodfnv vshqg vljql￿fdqwo| ohvv rq krxvlqj hdfk |hdu
uhjdugohvv ri whqxuh vwdwxv1 Qrwh/ wkdw wklv lv frqwuroolqj iru krxvhkrog lqfrph1 D vlqjoh eodfn
pdq zkr uhqwv vshqgv ’476: ohvv shu |hdu wkdq klv zklwh frxqwhu0sduw1 Dq h{wud ’43/333 ri
lqfrph lqfuhdvhv h{shqglwxuh rq rzqhu rffxslhg krxvlqj e| ’;881 Iljxuh Rqh surylghv dggl0
wlrqdo ghwdlov rq krxvhkrog h{shqglwxuh rq krxvlqj dv d ixqfwlrq ri lqfrph1 Iru rzqhuv dqg
uhqwhuv vhsdudwho|/ zh kdyh sduwlwlrqhg wkh vdpsoh e| ’4/333 groodu lqfuhphqwv dqg fdfxodwhg wkh
krxvhkrog*v h{shqglwxuh vkduh rq krxvlqj +krph sulfh -13:82krxvhkrog lqfrph, dqg judskhg wklv
:djdlqvw krxvhkrog lqfrph1 Wkh judsk vkrzv wkdw ulfkhu Sklogdohskld krxvhkrogv vshqg d pxfk
vpdoohu vkduh ri wkhlu lqfrph rq krxvlqj wkdq srruhu krxvhkrogv1
Uhwxuqlqj wr Wdeoh Wkuhh/ wkh qh{w uhjuhvvlrq vwxglhv krz rqh zd| frppxwlqj wlph +phdvxuhg
lq plqxwhv, gl￿huv e| ghprjudsklf jurxsv1 Eodfnv kdyh pxfk orqjhu frppxwlqj wlphv/ 81<
plqxwhv/ zklfk suredeo| uh hfwv juhdwhu sxeolf wudqvlw xvh1 Ulfkhu krxvhkrogv kdyh orqjhu
frppxwhv exw wkh vl}h ri wkh frh!flhqw/ 157/ lv txdqwlwdwlyho| vpdoo1
D vwudljkwiruzdug phwkrg ri fodvvli|lqj Sklodghoskld pljudqw krxvhkrogv lv zkhwkhu wkh| rzq
ru uhqw dqg zkhwkhu wkh| olyh lq wkh fhqwhu flw| ru wkh vxexuev1 Wr grfxphqw gl￿huhqfhv dfurvv
krxvhkrogv/ lq Wdeoh Irxu zh uhsruw phdqv e| wkhvh irxu fdwhjrulhv1 Wkh ohiw froxpq ri Wdeoh
Irxu uhsruwv phdqv iru fhqwhu flw| rzqhuv1 Fhqwhu flw| rzqhuv vshqg doprvw 425 ri zkdw vxexuedq
rzqhuv vshqg dqqxdoo| rq krxvlqj1 Wkh dyhudjh fhqwhu flw| rzqhu olyhv lq d frppxqlw| zklfk
ihdwxuhv 43 shufhqwdjh srlqwv ohvv froohjh judgxdwhv dqg 53 shufhqwdjh srlqwv pruh eodfnv wkdq
wkh dyhudjh vxexuedq rzqhu1 Erwk vxexuedq dqg fhqwhu flw| rzqhuv ihdwxuh krxvhkrogv zlwk 19
pruh shrsoh wkdq wkh dyhudjh uhqwhu krxvhkrog1 Uhqwhuv duh pxfk pruh olnho| wr kdyh d ihpdoh
khdg dqg pxfk ohvv olnho| wr eh pduulhg1 Eodfnv duh xqghu0uhsuhvhqwhg dprqj vxexuedq rzqhuv1
Rqo| 719( ri vxexuedq rzqhuv duh eodfn zkloh 681<( ri flw| uhqwhuv duh eodfn1 Wkh dyhudjh flw|
rzqhu*v lqfrph lv mxvw durxqg ’73/333 zklfk lv doprvw wzlfh dv kljk dv fhqwhu flw| uhqwhu*v dqg
426 orzhu wkdq vxexuedq rzqhuv1 Krph rzqhuv lq erwk wkh flw| dqg vxexuev duh pruh olnho|
wr kdyh |rxqj fkloguhq suhvhqw lq wkh krxvhkrog1 Lqwhuhvwlqjo|/ flw| dqg vxexuedq rzqhuv kdyh
urxjko| wkh vdph frppxwlqj wlph1 Wklv lqglfdwhv wkdw pdq| vxexuedqlwhv pxvw zrun lq wkh
vxexuev1 Vxexuedq uhqwhuv kdyh vljql￿fdqwo| vkruwhu frppxwhv wkdq dq| rwkhu jurxs1 Wkhuh
duh vljql￿fdqw gl￿huhqfhv lq wkh surshqvlw| wr rzq d yhklfoh dfurvv wkh irxu fdwhjrulhv1 Mxvw
xqghu ;3( ri fhqwhu flw| rzqhuv dqg ryhu <;( ri vxexuedq rzqhuv rzq d yhklfoh/ zkloh mxvw
7<( ri fhqwhu flw| uhqwhuv rzq dw ohdvw rqh yhklfoh1 Wklv vxjjhvwv wkdw fhqwhu flw| uhvlghqwv
zloo eh pruh ghshqghqw rq sxeolf wudqvlw dqg wkdw wkhlu dyhudjh frppxwlqj wlph wr vxexuedq
hpsor|phqw fhqwhuv frxog eh txlwh kljk1
;Wkh ￿uvw vwhs lq suhsdulqj wr hvwlpdwh rxu vwuxfwxudo prgho lv wr hvwlpdwh vwdqgdug khgrqlf
uhqwdo dqg krph sulfh ROV uhjuhvvlrqv1 Lq wkh Fhqvxv/ uhqwv dqg krph sulfhv duh vhoi uhsruwhg dv
fdwhjru| yduldeohv1 Zh wdnh wkh plgsrlqw ri hdfk fdwhjru|1 Wkhuh lv yhu| olwwoh wrs frglqj ri wkh
gdwd lq Sklodghoskld xqolnh rwkhu phwursrolwdq duhdv vxfk dv Orv Dqjhohv1 Iru h{dpsoh/ rqo| 517(
ri dsduwphqwv dqg krphv lq Sklodghoskld duh wrs frghg1 Wkh kljkhvw uhqw lv ’4/333 d prqwk dqg
kljkhvw krph sulfh lv ’733/3331 Wkh ghshqghqw yduldeoh lq wkh uhqwdo khgrqlf lv dqqxdo uhqw iru
d jlyhq xqlw dqg wkh ghshqghqw yduldeoh lq wkh krph sulfh uhjuhvvlrq lv wkh krph*v uhsruwhg sulfh
pxowlsolhg e| :18( +vhh Eorptxlvw/ Ehujhu dqg Krhkq 4<;; dqg J|rxunr dqg Wudf| 4<<4 zkr
dovr iroorz wklv frqyhqwlrq,1 Lq wkhvh khgrqlf uhjuhvvlrqv/ zh frqwuro iru vwuxfwxuh dwwulexwhv dqg
frppxqlw| dwwulexwhv1 Vwuxfwxuh dwwulexwhv lqfoxgh> urrpv/ ehgurrpv/ djh ri vwuxfwxuh/ zkhwkhu
wkh vwuxfwxuh lv d vlqjoh ghwdfkhg xqlw ru sduw ri d frpsoh{/ nlwfkhq frqglwlrqv/ dqg gxpplhv wr
frqwuro iru zkhq wkh krxvhkrog pryhg lqwr wkh vwuxfwxuh1
Zh uxq vhsdudwh krph sulfh dqg uhqwdo uhjuhvvlrqv dv d ixqfwlrq ri vwuxfwxuh fkdudfwhulvwlfv
dqg SXPD ohyho frppxqlw| fkdudfwhulvwlfv1 Wkh uhjuhvvlrq wkhuhiruh kdv wkh irup=
Krxvlqj H{shqglwxuh@Vwuxfwxuh Yduldeohv.Frppxqlw| Yduldeohv .Huuru
Lq wkh krph sulfh uhjuhvvlrq/ wkh ghshqghqw yduldeoh lv wkh krxvhkrog*v dqqxdo h{shqglwxuh
rq krxvlqj +krph sulfh pxowlsolhg e| :18(, dqg lq wkh uhqwhu uhjuhvvlrq/ wkh ghshqghqw yduldeoh
lv wkh krxvhkrog*v dqqxdo uhqw1 Wkh vwuxfwxuh fkdudfwhulvwlfv lqfoxgh> wkh w|sh ri vwuxfwxuh
+vlqjoh ghwdfkhg/ vlqjoh dwwdfkhg/ pxowl0xqlw gzhoolqj hwf1,/ wkh |hdu wkh krxvhkrog pryhg lqwr
wkh vwuxfwxuh/ gxpp| yduldeohv wr frqwuro iru wkh djh ri wkh vwuxfwxuh/ wkh vwuxfwxuh*v qxpehu
ri urrpv dqg ehgurrpv dqg gxpp| yduldeohv lqglfdwlqj zkhwkhu wkh vwuxfwxuh kdv d frpsohwh
nlwfkhq dqg wrlohw dqg zkhwkhu lw lv khdwhg xvlqj prghuq ixhov +l1h1 qrw zrrg ru ixho rlo,1 Wkh
krph sulfh uhjuhvvlrq +exw qrw wkh uhqwdo uhjuhvvlrq, dovr lqfoxghv d phdvxuh ri dqqxdo krxvlqj
xsnhhs1 Xvlqj plfur gdwd iurp wkh 4<<8 Dphulfdq Krxvlqj Vxuyh|/ zh kdyh frqvwuxfwhg dq lqgh{
ri dqqxdo krxvlqj xsnhhs h{shqglwxuh dv d ixqfwlrq ri krxvhkrog djh dqg shuvrq fkdudfwhulvwlfv1
Zh xvh wklv htxdwlrq wr suhglfw krxvhkrog pdlqwhqdqfh e| rzqhuv1
<Wkh khgrqlf hvwlpdwhv ri wkh 4<<3 Sklodghoskld krxvlqj dqg uhqwdo uhjuhvvlrqv duh suhvhqwhg
lq Wdeoh Ilyh1 Wkh rplwwhg fdwhjru| lq wkhvh uhjuhvvlrqv lv d vlqjoh ghwdfkhg xqlw zklfk zdv
exlow diwhu 4<:3 zklfk lv orfdwhg lq wkh vxexuev dqg zklfk xvhv roghu ixhov dqg kdv dq lqfrpsohwh
nlwfkhq1 Wkh frh!flhqwv* xqlwv duh dqqxdo 4<;< grooduv1 Iru rzqhuv/ wkh dqqxdo pdujlqdo frvw
ri d urrp lv ’6<8 dqg iru uhqwhuv lw lv ’6:71 Dq h{wud ehgurrp udlvhv dqqxdo krph sulfhv e|
’7;4 dqg uhqwv e| ’5781 Prvw krxvlqj vwuxfwxuhv lq Sklodghoskld duh hlwkhu vlqjoh dwwdfkhg ru
vlqjoh ghwdfkhg xqlwv1 Rzqhuv sd| ’6396 d |hdu ohvv iru dwwdfkhg krxvlqj uhodwlyh wr ghwdfkhg
krxvlqj zkloh uhqwhuv sd| ’9;: grooduv ohvv1 Wkhuh lv d qrwlfdeoh gl￿huhqfh lq wkh glvfrxqw iru
roghu rzqhu rffxslhg krxvlqj uhodwlyh wr roghu uhqwhu krxvlqj1 Wkh gxpp| yduldeohv iru zkhq
wkh krxvhkrog pryhg lqwr wkh vwuxfwxuh frqyh| lpsruwdqw lqirupdwlrq1 Xqolnh krph rzqhuv/
uhqwhuv zkr kdyh olyhg lq wkhlu xqlw iru d orqj wlph sd| pxfk orzhu uhqwv iru wkh txdolw| dgmxvwhg
xqlw1 Wklv vxjjhvwv wkdw vxfk whqdqwv kdyh vljqhg orqj whup frqwudfwv1 E| frqwuroolqj iru |hdu
pryhg lq/ rxu khgrqlf sulfhv wkh uhqwdo xqlw iru d krxvhkrog fxuuhqwo| frqvlghulqj vxfk d xqlw1
Wxuqlqj wr wkh frppxqlw| dwwulexwhv> krphv lq wkh fhqwhu flw| frvw ’:6; pruh wkdq wkhlu
vxexuedq frxqwhusduwv zkloh uhqwdov duh ’733 d |hdu ohvv1 Wkh frppxqlw| yduldeohv ￿SXPD
( froohjh judgxdwh￿ dqg ￿SXPD ( eodfn￿ wdnh rq ydoxhv iurp 3 wr 41 Wkh rzqhu khgrqlf
frh!flhqwv vkrz wkdw li d frppxqlw| kdv 43 shufhqwdjh srlqwv pruh froohjh judgxdwhv wkhq
krph sulfhv duh ’4/59< kljkhu dqg uhqwv duh ’858 kljkhu1 Doo hovh htxdo/ li d frppxqlw| kdv
43 shufhqwdjh srlqwv kljkhu eodfn srsxodwlrq/ krph sulfhv idoo ’784 grooduv dqg uhqwv idoo ’494
grooduv1 Wkh froohjh judgxdwh yduldeoh sur{lhv iru kljk shhu jurxs dqg ￿uroh prgho￿ h￿hfwv
zkloh d frppxqlw|*v shufhqw eodfn sur{lhv iru orfdo vfkrro txdolw| dqg orfdo fulph ohyhov1
Lq wklv sdshu zh zloo fduhixoo| dffrxqw iru xqrevhuyhg dwwulexwhv ri krxvlqj surgxfwv1 Iru
h{dpsoh/ Fhqvxv gdwd grhv qrw surylgh lqirupdwlrq rq zkhwkhu d krxvhkrog kdv d vdxqd ru
zkhwkhu wkh krxvhkrog olyhv qh{w wr d ehdxwlixo jroi frxuvh1 Dv glvfxvvhg lq Hssoh +4<;:,/ wkh
￿uvw vwdjh ri wkh khgrqlf ￿wzr vwhs￿ rqo| |lhogv frqvlvwhqw lpsolflw sulfhv ri surgxfw dwwulexwhv
li wkh xqrevhuyhg dwwulexwhv ri wkh vwuxfwxuh dqg wkh frppxqlw| lwv orfdwhg lq duh xqfruuhodwhg
43zlwk revhuydeohv1 Wr whvw wkh urexvwqhvv ri wkh vwuxfwxuh hvwlpdwhv ri wkh khgrqlf frh!flhqw
hvwlpdwhv suhvhqwhg lq Wdeoh Ilyh/ zh kdyh gursshg wkh frppxqlw| yduldeohv dqg lqfoxghg 67
SXPD ￿{hg h￿hfwv wr frqwuro iru dq| frppxqlw| ohyho yduldeohv1 Lq uhvxowv wkdw duh dydlodeoh
rq uhtxhvw/ zh ￿qg wkdw doo ri wkh vwuxfwxuh dwwulexwhv duh urexvw wr frqwuroolqj iru SXPD ￿{hg
h￿hfwv1
Wkh khgrqlf hvwlpdwhv ri wkh vwuxfwxuh dwwulexwhv sod| d nh| uroh lq rxu vwuxfwxudo hvwlpdwlrq1
Wkh Sklodghoskld krxvlqj pdunhw ihdwxuhv ploolrqv ri krphv1 Wkhuh duh ￿wrr pdq|￿ surgxfwv
iru krxvhkrogv wr fkrrvh iurp1 Wr uhgxfh wkh glphqvlrqdolw| ri wkh sureohp/ zh djjuhjdwh
vlplodu krphv lqwr wkh vdph surgxfw1 Lqwxlwlyho|/ wzr krphv orfdwhg lq wkh vdph SXPD zklfk
duh erwk rzqhu rffxslhg zklfk ihdwxuh vlplodu sulfhv dqg vlplodu vwuxfwxuh dwwulexwhv zloo eh
jurxshg dv wkh ￿vdph￿ surgxfw1 Wr djjuhjdwh wkhvh surgxfwv/ zh qhhg d phdvxuh ri krxvhkrog
h{shqglwxuh rq vwuxfwxuh1 Edvhg rq wkhvh khgrqlf hvwlpdwhv iru uhqwhuv dqg rzqhuv/ zh fdq
suhglfw krxvhkrog h{shqglwxuh rq vwuxfwxuh e| pxowlso|lqj wkh khgrqlf uhjuhvvlrq frh!flhqw rq
hdfk vwuxfwxuh dwwulexwh dqg pxowlso|lqj wklv e| d krxvhkrog*v frqvxpswlrq ri wkdw dwwulexwh dqg
wkhq vxpplqj dfurvv wkh dwwulexwhv1 Iru h{dpsoh/ li wkh sulfh ri d ehgurrp lv ’58 dqg wkh sulfh
ri dq h{wud urrp lv ’83/ li wkhvh duh wkh rqo| vwuxfwxuh dwwulexwhv wkhq d krxvhkrog zkr sxufkdvhv
d krph zlwk 5 ehgurrpv dqg 7 urrpv zrxog kdyh d vwuxfwxuh h{shqglwxuh lqgh{ htxdo wr ’583
shu |hdu1 Wkh frqvwuxfwlrq ri wklv vwuxfwxuh lqgh{ pluuruv wkh dssurdfk ghvfulehg e| Urwkhehuj
hw1 do +4<<4,/ Nlqj +4<:9,/ dqg kdv ehhq xvhg h{whqvlyho| lq wkh txdolw| ri olih olwhudwxuh wr udqn
frppxqlwlhv e| wkhlu orfdo sxeolf jrrgv ohyhov +Eorptxlvw/ Ehujhu dqg Krhkq +4<;;,/ J|rxunr
dqg Wudf| +4<<4,/ Uredfn +4<;5,/ GlSdvtxdoh dqg Ndkq +4<<<,,1
Wr djjuhjdwh vlplodu krphv lqwr d vpdoohu vhw ri ￿krxvlqj surgxfwv￿1 Zh fuhdwh ; surgxfwv
shu SXPD xvlqj wkh vwuxfwxuh lqgh{ fuhdwhg iurp wkh khgrqlf uhjuhvvlrqv uhsruwhg deryh1 Iru
hdfk SXPD lq Sklodghoskld/ zh fdofxodwh wkh 58wk/ 83wk dqg :8wk shufhqwlohv ri wkh uhqwdo dqg
krph sulfh glvwulexwlrq1 Iru hdfk sxpd zh dovr fdofxodwh wkh vwuxfwxuh lqgh{ dw wkh 58wk/ 83wk
dqg :8wk shufhqwlohv1 Wkhvh duh xvhg dv fxwr￿ srlqwv wr dvvljq lqglylgxdo krphv wr ￿surgxfwv￿1
44Zh fuhdwh ; surgxfwv shu SXPD xvlqj wkh iroorzlqj dssurdfk1 Iru d jlyhq krxvhkrog/ zh nqrz
zkhwkhu wkh| uhqw ru rzq1 Frqglwlrqdo rq whqxuh vwdwxv zh nqrz wkhlu dqqxdo krxvlqj h{shqglwxuh
dqg wkhlu suhglfwhg vwuxfwxuh lqgh{ frqvxpswlrq1 Wklv Wdeoh h{sodlqv krz zh gh￿qh surgxfwv
zlwklq d SXPD dqg zkdw sulfh zh dwwdfk wr wkh surgxfw1
Surgxfw Uhqwhu VLQG: SULFH: Surgxfw Sulfh
Sxpd Phgldq Sxpd Phgldq
4 |hv |hv |hv :8wk txdqwloh ri
SXPD uhqwdo sgi
5 |hv |hv qr 58wk txdqwloh ri
SXPD krph sgi
6 |hv qr |hv :8wk txdqwloh ri
SXPD uhqwdo sgi
7 |hv qr qr 58wk txdqwloh ri
SXPD krph sgi
8 qr |hv |hv :8wk txdqwloh ri
SXPD uhqwdo sgi
9 qr |hv qr 58wk txdqwloh ri
SXPD krph sgi
: qr qr |hv :8wk txdqwloh ri
SXPD uhqwdo sgi
; qr qr qr 58wk txdqwloh ri
SXPD krph sgi
Iru h{dpsoh/ lq d jlyhq SXPD dvvxph wkdw d krph lv rzqhg dqg wkdw lwv suhglfwhg vwuxfwxuh
lqgh{ lv juhdwhu wkdq wkh SXPD*v phgldq vwuxfwxuh lqgh{ dqg wkdw wkh krph*v dqqxdo sulfh lv
juhdwhu wkdq wkh SXPD*v phgldq krph sulfh/ wkhq zh dvvljq wklv krph wr eh surgxfw qxpehu 8
dqg dvvljq wklv surgxfw d sulfh htxdo wr wkh :8wk shufhqwloh ri wkh SXPD krph sulfh glvwulexwlrq1
Vlqfh wkhuh duh 67 SXPDv lq Sklodghoskld/ wklv dssurdfk |lhogv 5:5 surgxfwv iru krxvhkrogv
wr fkrrvh ehwzhhq1 Rqfh zh kdyh dvvljqhg hdfk krph wr d surgxfw/ zh fuhdwh dq lghqwl￿hu
lqglfdwlqj zklfk ri wkh surgxfwv wkh krxvhkrog fkrvh1 Lw lv lpsruwdqw wr qrwh wkdw hyhq wkrxjk
hdfk krxvlqj xqlw pd| eh ￿xqltxh￿/ jlyhq wkdw zh kdyh djjuhjdwhg surgxfwv/ pdq| lqglylgxdo
krxvhkrogv kdyh fkrvhq wkh vdph ￿surgxfw￿1
45Wkh khgrqlf uhvxowv suhvhqwhg deryh zhuh edvhg rq doo krxvhkrogv lq wkh Fhqvxv1 Zh xvh doo ri
wklv lqirupdwlrq wr frqvwuxfw wkh 5:5 krxvlqj surgxfwv lq wkh Sklodghoskld phwursrolwdq duhd1 Lq
vwxg|lqj krxvlqj fkrlfh/ zh irfxv rq uhvlghqwv ri Sklodghoskld zkr kdyh pryhg zlwklq wkh odvw 8
|hduv1 Frqglwlrqdo rq wkh khdg ri krxvhkrog*v sodfh ri zrun/ hdfk krxvhkrog pxvw vlpxowdqhrxvo|
fkrrvh whqxuh vwdwxv +wr rzq ru uhqw,/ wkh vwuxfwxudo dphqlwlhv ri wkh xqlw +h1j1 qxpehu ri
ehgurrpv/ vl}h/ dwwdfkhg ru ghwdfkhg, dqg wkh frppxqlw| lq zklfk wkh xqlw lv orfdwhg1 Uhfhqw
pljudqwv duh dq dwwudfwlyh jurxs wr vwxg| ehfdxvh wkh| kdyh uhfhqwo| pdgh d frvwo| ghflvlrq zkhuh
wkh| fkrvh dprqj wkh vhw ri dowhuqdwlyhv1 Zh uhfrjql}h wkdw uhfhqw pljudqwv pd| gl￿hu iurp wkh
srsxodwlrq dv d zkroh +vhh Wdeoh Rqh iru gl￿huhqfhv zlwk uhvshfw wr revhuydeoh ghprjudsklfv,1
Dq lpsruwdqw frqwulexwlrq ri wklv uhvhdufk lv wr fduhixoo| prgho fkrlfh ri frppxwlqj wlph
dv dqrwkhu hohphqw ri orfdwlrq fkrlfh wkdw hdfk krxvhkrog pxvw wudgh0r￿ zkhq frpsdulqj wkh
ehqh￿wv dqg frvwv ri gl￿huhqw krxvlqj surgxfwv1 Iru khdgv ri krxvhkrogv zkr zrun/ zh nqrz
wkhlu frppxwh wr zrun phdvxuhg lq plqxwhv1 Zh xvh wklv lqirupdwlrq wr frqvwuxfw ￿surgxfw￿
frppxwlqj wlph1 Wdnlqj d zrunlqj khdg ri krxvhkrog*v sodfh ri zrun dv jlyhq/ zh fdofxodwh
zkdw lv wkh vdpsoh phdq frppxwh iurp hyhu| SXPD wr wkdw SRZSXPD1 Jlyhq wkdw wkhuh
duh 47 SRZSXPDV dqg 67 SXPDV/ zh fdofxodwh 7:9 phdqv1 D frppxwhu zkr zrunv lq
SRZSXPD 5933 zloo uhfrjql}h wkdw d SXPD qhdu SRZSXPD 5933 r￿huv d vkruwhu frppxwh
wr klv mre wkdq rwkhu SXPDV zkloh d frppxwhu zkr zrunv lq SRZSXPD 8533 zloo uhfrjql}h
wkdw wkh vdph uhvlghqfh ihdwxuhv d orqj frppxwh iru klp1 Li doo hpsor|phqw zdv fhqwudol}hg dw
rqh fhqwudo exvlqhvv glvwulfw orfdwlrq/ wkhq dyhudjh frppxwlqj wlphv zrxog eh wkh vdph iru doo
shrsoh zkr fkrrvh wkh vdph SXPD1 Vlqfh hpsor|phqw lv qrw ixoo| fhqwudol}hg/ wzr khdgv ri
krxvhkrogv zkr duh frqvlghulqj wkh vdph surgxfw lq d jlyhq SXPD zloo idfh gl￿huhqw frppxwlqj
wlphv iurp wkdw SXPD li wkh| zrun lq gl￿huhqw SRZSXPDV1 Li d shuvrq grhv qrw zrun/ zh
hvwlpdwh wkh dyhudjh frppxwh wlph lq wkh zkroh SXPD zklfk uhsuhvhqwv d phdvxuh ri dffhvv
wr wkh Fhqwudo Exvlqhvv Glvwulfw1 Wdeoh Vl{ surylghv vrph lqirupdwlrq rq wkh srvvleoh yduldwlrq
lq frppxwh wlphv zklfk krxvhkrogv idfh1 Lq hdfk urz ri wklv Wdeoh/ zh uhsruw wkh plqlpxp/
46phgldq/ dqg pd{lpxp rqh zd| dyhudjh frppxwh wlph +lq plqxwhv, wr hdfk SRZSXPD1 Iru
h{dpsoh/ iru zrunhuv zkr zrun lq SRZSXPD 5<33/ wkhuh lv qr SXPD zlwk dq dyhudjh frppxwh
wlph ohvv wkdq 4:1<6 plqxwhv wr zrun/ zkloh wkh phgldq SXPD*v frppxwh wr wklv SRZSXPD
lv 7519 plqxwhv1 Dv vkrzq lq Wdeoh Rqh/ wkh dyhudjh frppxwh lv ohvv wkdq 59 plqxwhv1 Wklv
lqglfdwhv wkdw krxvhkrogv duh wdnlqj lqwr dffrxqw frppxwlqj wlph lq fkrrvlqj zkhuh wr orfdwh1
Rxu vwuxfwxudo prgho zloo surylgh qhz lqvljkwv lqwr wkh ￿zdvwhixo frppxwlqj￿ olwhudwxuh zklfk
kdv vwxglhg zk| krxvhkrogv gr qrw olyh uljkw qh{w wr wkhlu mre1 Rxu vwuxfwxudo prgho zloo irfxv
rq wkh wudghr￿v khwhurjhqhrxv krxvhkrogv zkr gl￿hu e| ghprjudsklf w|sh idfh zkhq fkrrvlqj
dprqj khwhurjhqrxv krphv1
Frppxwh wlphv gl￿hu juhdwo| ghshqglqj rq zkhwkhu d krxvhkrog olyhv dqg zrunv lq wkh fhqwhu
flw| ru zkhwkhu wkh krxvhkrog olyhv dqg zrunv lq wkh vxexuev ru li wkh krxvhkrog frppxwhv ehwzhhq
wkh flw| dqg vxexuev1 Wkh dyhudjh frppxwh iru d krxvhkrog zklfk olyhv lq wkh flw| dqg zrunv
lq wkh flw| lv 581;7 zkloh li wklv krxvhkrog zrunv lq wkh vxexuev lwv dyhudjh frppxwh lv 651:6
plqxwhv1 D frppxwhu zkr olyhv lq wkh vxexuev dqg zrunv lq wkh flw| idfhv wkh orqjhvw dyhudjh
frppxwh ri 6;136 zkloh d vxexuedq uhvlghqw zkr dovr zrunv lq wkh vxexuev kdv wkh vkruwhvw
dyhudjh frppxwh ri 55176 plqxwhv1
Lq wklv vwxg|/ zh wdnh d krxvhkrog khdg*v fkrlfh ri zkhuh wr zrun dv h{rjhqrxv1 Qrw doo
ghprjudsklf jurxsv duh htxdoo| uhsuhvhqwhg dfurvv hpsor|phqw fhqwhuv1 Eodfn krxvhkrogv duh
pxfk pruh olnho| wr olyh lq wkh fhqwhu flw| dqg wr zrun lq wkh fhqwhu flw| wkdq qrq0eodfn krxvhkrogv1
Wdeoh Vhyhq uhsruwv wkuhh furvv0wdev iru wkh zkroh pljudqw vdpsoh/ iru zklwh pljudqwv dqg iru
eodfn pljudqwv1 Iru hdfk krxvhkrog/ zh fuhdwh d gxpp| yduldeoh zklfk htxdov rqh ri li wkh
krxvhkrog olyhv lq wkh fhqwhu flw| dqg zklfk htxdov }hur li wkh krxvhkrog olyhv lq wkh vxexuev dqg
dqrwkhu gxpp| zklfk htxdov rqh li wkh krxvhkrog khdg zrunv lq wkh fhqwhu flw| dqg zklfk htxdov
}hur li wkh krxvhkrog khdg zrunv lq wkh vxexuev1 Wkh wrs wdexodwlrq vkrzv wkdw urxjko| 55(
ri wkh wrwdo vdpsoh olyh dqg zrun lq wkh fhqwhu flw|/ zkloh ryhu 8;( ri wkh vdpsoh olyh dqg zrun
lq wkh vxexuev1 Doprvw wkuhh wlphv dv pdq| krxvhkrog khdgv olyh lq wkh vxexuev dqg frppxwh
47wr wkh flw| wkdq ylfh yhuvd1 Ryhu 83( ri eodfn pljudqwv olyh dqg zrun lq wkh fhqwhu flw| zkloh
63( ri wkh eodfn pljudqwv olyh dqg zrun lq wkh vxexuev1 97( ri zklwh pljudqwv olyh dqg zrun
lq wkh Sklodghoskld vxexuev1 Zklwhv duh pxfk pruh olnho| wkdq eodfnv wr olyh lq wkh vxexuev dqg
frppxwh wr wkh flw| iru zrun1 Dq htxdo qxpehu ri eodfn pljudqwv olyh lq wkh flw| dqg frppxwh
wr wkh vxexuev dqg ylfh0yhuvd1
1Wr vxppdul}h wklv vhfwlrq/ zh kdyh xvhg wkh Sklodghoskld khgrqlf sulfh uhjuhvvlrqv wr fuhdwh
d vwuxfwxuh lqgh{ iru hdfk krxvhkrog1 Xvlqj wklv lqirupdwlrq dqg lqirupdwlrq rq zklfk SXPD
hdfk pljudqw krxvhkrog fkrvh/ zh dvvljq hdfk krxvhkrog wr kdylqj slfnhg rqh ri 5:5 krxvlqj
surgxfwv1 Wkhvh surgxfwv gl￿hu zlwk uhvshfw wr wkhlu frppxqlw| dwwulexwhv/ vwuxfwxuh lqgh{/ dqg
sulfh1 Lq dgglwlrq/ frppxwhuv zloo wdnh lqwr dffrxqw wkhlu frppxwh wlph li wkh| fkrrvh d jlyhq
surgxfw1 Xvlqj gdwd rq sodfh ri zrun/ zh nqrz zkdw d frppxwhuv* frppxwh zrxog eh iru hyhu|
srvvleoh surgxfw kh fkrxog fkrrvh1 Fhqvxv gdwd*v ulfk ghprjudsklf lqirupdwlrq doorzv xv wr
prgho surgxfw fkrlfh doorzlqj iru srsxodwlrq khwhurjhqhlw| zlwk uhvshfw wr ghpdqg iru surgxfw
dwwulexwhv1
Jlyhq wkdw zh qrz kdyh h{sodlqhg zkdw gdwd lv xvhg lq wkh vwuxfwxudo dqdo|vlv/ lw lv lpsruwdqw
wr frpsduh rxu ￿surgxfw￿ frqvwuxfwlrq wr pruh vwdqgdug LR uhvhdufk vxfk dv Shwulq/ ru Ehuu|/
Ohylqvrq/ dqg Sdnhv +4<<8,1 Lq wkh LR olwhudwxuh/ frqvxphuv wdnh wkh surgxfw dwwulexwhv dv
jlyhq1 Iru h{dpsoh/ Jhqhudo Prwruv ghwhuplqhv wkh hqjlqh kruvhsrzhu ri d Exlfn14 Lq rxu xuedq
sureohp/ d frppxqlw|*v dwwulexwhv duh dq hphujhqw surshuw| ri wkh vhw ri krxvhkrogv zkr fkrrvh
wr olyh zlwklq lwv erughuv1 Li doo froohjh judgxdwhv ghpdqg wr olyh lq d jlyhq SXPD/ wkhq wklv
SXPD zloo ihdwxuh kljk ohyhov ri ￿ped￿1 Lq rxu dqdo|vlv zh dvvxph wkdw pljudqwv wdnh dv jlyhq
vxfk frppxqlw| dwwulexwhv dv ￿shufhqw froohjh judgxdwh￿ dqg ￿shufhqw eodfn￿1 Vrph pd| eh
frqfhuqhg wkdw wkhuh lv d ￿uh hfwlrq￿ sureohp +Pdqvnl 4<<5,1 Lw lv lpsruwdqw wr qrwh wkdw wkh
￿ Lw lv wuxh wkdw lq d Yheohq vw|oh ￿edqgzdjjrqv￿ prgho/ wkh dyhudjh frqvxphu dwwulexwhv zrxog eh
dvvrfldwhg zlwk wkh yhklfoh1 Iru h{dpsoh/ Phufhghv lv dzduh wkdw li lw orzhuv lwv sulfh wrr pxfk/ lwv yhklfoh pd| orvh
￿fdfkh￿ ehfdxvh lw zloo qr orqjhu eh dvvrfldwhg zlwk ehlqj d vljqdo ri d krxvhkrog*v survshulw|1
Ehfnhu dqg Pxusk| +4<<5, h{soruh idgv zlwk uhvshfw wr uhvwdxudqw sulflqj dv uhvwdxudqwv wdnh lqwr dffrxqw wkdw sduw
ri wkhlu surgxfw*v dwwulexwhv duh wkh dyhudjh fkdudfwhulvwlfv ri lwv frqvxphuv1
48frppxqlw| dwwulexwhv duh edvhg rq wkh dwwulexwhv ri doo krxvhkrogv/ qrw mxvw pljudqwv/ zlwklq wkh
SXPD1 Jlyhq wkdw rqo| 6:( ri Sklodghoskld krxvhkrogv duh pljudqwv +vhh Wdeoh Rqh,/ lw lv qrw
dq rxwodqglvk dvvxpswlrq wr dvvxph dzd| wkdw krxvhkrogv fkdqjh d frppxqlw|*v orfdo sxeolf
jrrgv yhfwru e| wkhlu fkrlfh ri frppxqlw|1 Zh frxog hyhq ixuwkhu uhgxfh wklv sureohp li zh
irfxvhg rq wkh vxevhw ri pljudqwv zkr olyhg rxwvlgh wkh Sklodghoskld PVD ￿yh |hduv ehiruh1 Zh
uhfrjql}h wkdw pljudqwv fkdqjh wkh frppxqlw| li wkh pdujlqdo pljudqw*v dwwulexwhv gl￿hu iurp
wkh frppxqlw| dyhudjh1 Lw lv wuxh wkdw lq d pruh ￿ xlg￿ phwursrolwdq duhd/ vxfk dv Odv Yhjdv/
ru rwkhu idvw jurzlqj vsudzo fdslwdov/ pljudqwv uhsuhvhqw d pxfk odujhu iudfwlrq ri wkh srsxodwlrq
lq wklv fdvh/ wkhuh frxog eh pxolwlsoh htxloleuld vxfk wkdw krxvhkrogv zkr zdqw wr olyh lq froohjh
hgxfdwhg duhdv pd| pryh vlpxowdqhqrxvo| zlwkrxw ehlqj vxuh zkhuh duh wkh kljk ￿ped￿ duhdv1
6 D Prgho ri Krxvlqj Ghpdqg1
Lq wklv vhfwlrq/ zh exlog d prgho ri krxvlqj ghpdqg iru wkh flw| ri Sklodghoskld1 Rxu hfrqrphwulf
prgholqj vwudwhj| lv prwlydwhg e| wkuhh ixqgdphqwdo hpslulfdo frqfhuqv1 Wkh ￿uvw lv wkdw erwk
krxvlqj xqlwv dqg krxvhkrogv duh khwhurjhqhrxv lq lpsruwdqw zd|v1 Lq rxu dqdo|vlv/ zh wdnh
dffrxqw ri wzr glphqvlrqv dorqj zklfk krxvlqj surgxfwv pd| eh gl￿huhqwldwhg1 Wkh ￿uvw lv wkh
sk|vlfdo dphqlwlhv ri wkh krxvlqj surgxfw vxfk dv wkh qxpehu ri urrpv/ ehgurrpv dqg wkh qxpehu
ri vtxduh ihhw1 Vhfrqg/ krxvhv gl￿hu e| orfdwlrq1 Qhljkerukrrgv kdyh lpsruwdqw h{whuqdolwlhv
vxfk dv fulph/ wkh txdolw| ri vfkrrov dqg wkh glvwdqfh wr xuedq dphqlwlhv vxfk dv vkrsslqj ru
fxowxudo dfwlylwlhv1
Lq rxu prgho/ zh doorz krxvhkrogv* ydoxdwlrq ri wkh fkdudfwhulvwlfv ri d krxvlqj xqlw wr ghshqg
rq ghprjudsklfv1 Iru h{dpsoh/ odujh idplolhv/ doo hovh khog frqvwdqw/ zloo ydoxh h{wud ehgurrpv dqg
vsdfh pruh wkdq vpdoohu idplolhv1 Dovr/ |rxqjhu krxvhkrogv pd| sodfh d suhplxp rq wkh iuhhgrp
wr pryh zlwk hdvh dqg wkhuhiruh ydoxh rzqlqj ohvv wkdq roghu krxvhkrogv1 Lq pdq| suhylrxv vwxglhv
ri krxvlqj ghpdqg/ vxfk dv Nlqj +4<:9, dqg Iroodlq dqg Mlplqh} +4<;8,/ uhvhdufkhuv kdyh prghohg
krxvlqj dv d frqwlqxrxv jrrg dqg xvhg khgrqlf zhljkwv wr djjuhjdwh krxvlqj fkdudfwhulvwlfv1
49Djjuhjdwlqj krxvlqj fkdudfwhulvwlfv lqwr d vlqjoh lqgh{ ghvwur|v lpsruwdqw lqirupdwlrq derxw
frqvxphu*v suhihuhqfhv dqg olplwv wkh uhvhdufkhu*v delolw| wr h{sodlq zkdw w|shv ri krxvhkrogv
pdwfk wr zkdw w|shv ri krxvlqj xqlwv1
Zh duh e| qr phdqv wkh ￿uvw wr lqfrusrudwh wkhvh frqfhuqv lqwr rxu hfrqrphwulf iudphzrun/
exw zh dwwhpsw wr gr vr lq d xqltxh zd|1 Lq pruh wudglwlrqdo/ khgrqlf phwkrgv/ vxfk dv Hssoh
+4<;:,/ uhvhdufkhuv dwwhpsw wr uhfryhu wkh zloolqjqhvv wr sd| iru ydulrxv dwwulexwhv ri d krph1
Krzhyhu/ d nh| sureohp iru khgrqlfv lv wkdw pdq| ri wkh dwwulexwhv ri d krxvlqj xqlw pd| eh
xqrevhuyhg wr wkh hfrqrphwulfldq1 Lq rxu hfrqrphwulf dqdo|vlv/ zh dgguhvv wklv sureohp e|
hvwlpdwlqj d odujh qxpehu ri surgxfw ohyho ￿{hg h￿hfwv0rqh iru hdfk ri wkh 5:5 krxvlqj xqlwv1
Uhfhqw hpslulfdo zrun lq dssolhg plfurhfrqrplfv kdv hpskdvl}hg wkdw lq d glvfuhwh fkrlfh
prgho/ sulfhv zloo eh fruuhodwhg zlwk xqrevhuyhg surgxfw dwwulexwhv iru wkh vlpsoh uhdvrq wkdw
kljkhu txdolw| frppdqgv d kljkhu sulfh lq wkh pdunhw sodfh1 Idloxuh wr dffrxqw iru wkhvh surgxfw
ohyho xqrevhuydeohv zloo fdxvh wkh uhvhdufkhu wr xqghuhvwlpdwh rzq sulfh hodvwlflwlhv1 Wklv kdv
ehhq grfxphqwhg lq uhfhqw hpslulfdo zrun e| Shwulq +4<<<, lq klv vwxg| ri ghpdqg iru plqlydqv/
Qhyr +4<<<, lq klv vwxg| ri ghpdqg iru euhdnidvw fhuhdov dqg lq Ehuu|/ Ohylqvrkq dqg Sdnhv
+4<<8, lq wkhlu vwxg| ri dxwrpreloh ghpdqg1 Lq doo wkuhh fdvhv/ wkhvh uhvhdufkhuv ￿qg wkdw sulfh
hodvwlflwlhv duh xqghuhvwlpdwhg e| dq rughu ri pdjqlwxgh zkhq wkh hfrqrphwulfldq idlov wr dffrxqw
iru xqrevhuyhg surgxfw ohyho khwhurjhqhlw|51 Lq rxu uhgxfhg irup dqdo|vlv ri wkh suhylrxv vhfwlrq/
zh ￿qg wkdw wkh revhuyhg surgxfw fkdudfwhulvwlfv fdq dffrxqw iru rqo| ehwzhhq 73 wr 93 shufhqw
ri wkh revhuyhg yduldwlrq lq sulfhv1 Fohduo|/ surgxfwv kdyh d qxpehu ri dwwulexwhv wkdw duh qrw
suhvhqw lq wkh gdwd vhw dqg zh dwwhpsw wr frqwuro iru wklv e| xvlqj ￿{hg h￿hfwv zlwklq rxu glvfuhwh
fkrlfh prgho1
D nh| sureohp iru khgrqlf prghov ri krxvlqj ghpdqg/ dv glvfxvvhg lq Hssoh +4<;:,/ lv vruwlqj
rq xqrevhuydeohv1 Lq rxu dqdo|vlv/ zh dwwhpsw wr dgguhvv wklv sureohp e| doorzlqj iru dq lqwhu0
dfwlrq ehwzhhq d surgxfw ohyho ￿{hg h￿hfw dqg d krxvhkrog*v ghprjudsklf fkdudfwhulvwlfv1 Wkh
2 Qrw vxusulvlqjo|/ lq hduolhu prghov ri krxvlqj ghpdqg/ zh irxqg wkdw wkh krxvhkrogv* vhqwlylwl|
wr sulfhv zdv dq rughu ri pdjlqlwxgh orzhu wkdq wkh vshfl￿fdwlrq vwxglhg lq wklv sdshu1
4:￿{hg h￿hfw uhsuhvhqwv dwwulexwhv ri wkh krxvlqj xqlw qrw lqfoxghg lq rxu dqdo|vlv vxfk dv fulph/
vfkrro txdolw| dqg wkh xqrevhuyhg vwuxfwxudo dphqlwlhv1 Vlqfh wkh krxvhkrog*v xwlolw| lqfoxghv
ghprjudsklfv lqwhudfw zlwk xqrevhuyhg krxvlqj dwwulexwhv/ wkh dssurdfk wdnhq khuh prghov wkh
vruwlqj ri revhuyhg ghprjudsklfv rq xqrevhuyhg krxvlqj dwwulexwhv dqg doorzv xv wr uhfryhu wkh
krxvhkrog*v ydoxdwlrq iru erwk revhuyhg dqg xqrevhuyhg dwwulexwhv ri wkh krxvlqj xqlw1
D ￿qdo zd| lq zklfk ghprjudsklfv hqwhu lqwr wkh fkrlfh ri krxvlqj xqlwv lv wkurxjk wkh exgjhw
frqvwudlqw1 Qrw doo krxvlqj xqlwv duh d￿rugdeoh wr doo krxvhkrogv1 Iru lqvwdqfh/ pruwjdjh frp0
sdqlhv zloo w|slfdoo| olplw wkh pd{lpxp ydoxh wkdw d idplo| fdq vshqg rq krxvlqj dv d shufhqwdjh
ri lqfrph lq ghwhuplqlqj holjlelolw| iru ordqv1 Lq rxu dqdo|vlv/ zh gr qrw doorz krxvhkrogv wr
sxufkdvh krxvlqj xqlwv wkdw duh pruh wkdq 83 shufhqw ri d idplo|*v suh0wd{ lqfrph1 Wklv fxw0r￿
srlqw lv urxjko| lq olqh zlwk sudfwlfhv e| pruwjdjh frpsdqlhv dv zhoo dv lv dsshduv wr eh d uhdvrq0
deoh fxw0r￿ srlqw iru d exgjhw frqvwudlqw vlqfh wklv uhsuhvhqwv wkh bf|￿ shufhqwloh ri wkh hpslulfdo
glvwulexwlrq ri krxvlqj h{shqglwxuh dv d shufhqwdjh ri lqfrph1 Li zh idlo wr lqfoxgh d exgjhw
frqvwudlqw lq wkh dqdo|vlv/ zh zloo plvvshfli| frqvxphu*v fkrlfh vhwv dqg pdnh idovh lqihuhqfhv
derxw wkhlu xqghuo|lqj wdvwhv1 Zkloh dgplwwhgo|/ wklv lv d urxjk dssur{lpdwlrq wr frqvxphu*v
wuxh fkrlfh vhwv/ wklv vhw lv w|slfdoo| ljqruhg lq pxfk dssolhg zrun xvlqj glvfuhwh fkrlfh prghov1
Odvwo|/ zh eholhyh wkdw frppxwlqj lv dq lpsruwdqw idfwru lq wkh fkrlfh ri krxvlqj xqlw1 Rxu
uhgxfhg irup dqdo|vlv lqglfdwhv/ qrw vxusulvlqjo|/ wkdw krxvhkrogv suhihu orfdwlrqv wkdw duh forvh
wr wkh sodfh ri zrun iru wkh khdg ri krxvhkrog1 Lq rxu glvfuhwh fkrlfh prgho/ hdfk khdg ri
krxvhkrog frpsxwhv khu frppxwh wlph iurp dowhuqdwlyh SXPDv/ wdnlqj wkh sodfh ri zrun dv
jlyhq1 Wkhuhiruh/ zh fdq hvwlpdwh zloolqjqhvv wr frppxwh xvlqj fhqvxv gdwd1 Wr wkh ehvw ri
rxu nqrzohgjh/ rxuv lv wkh ￿uvw vwxg| wkdw lqfrusrudwhv frppxwlqj gdwd wklv zd| lqwr d glvfuhwh
fkrlfh prgho ri krxvlqj ghpdqg1 D khgrqlf ￿wzr vwhs￿ dssurdfk wr phdvxulqj zloolqjqhvv wr
sd| wr dyrlg frppxwlqj lv rqo| olnho| wr eh h￿hfwlyh lq d prqrfhqwulf zruog zkhuh 433( ri
wkh hpsor|phqw lv orfdwhg lq wkh fhqwhu ri wkh flw|1 Li hpsor|phqw lv glvshuvhg dfurvv pdq|
hpsor|phqw fhqwhuv/ wkhq glvwdqfh wr dq| rqh hpsor|phqw fhqwhu pd| qrw eh fdslwdol}hg lqwr
4;wkh ￿uvw vwdjh khgrqlf krph sulfh uhjuhvvlrq +olnh wkh rqh suhvhqwhg lq Wdeoh Irxu, dqg wkh
khgrqlf uhvhdufkhu zrxog kdyh qr krsh ri uhfryhulqj zloolqjqhvv wr sd| lq wkh ￿vhfrqg vwdjh￿ ri
wkh Urvhq ￿wzr vwhs￿ +Urvhq 4<:7,16
614 Dq Hfrqrphwulf Prgho1
Lq wklv vhfwlrq/ zh ghvfuleh d glvfuhwh fkrlfh prgho ri krxvlqj ghpdqg1 Wkh sulplwlyhv ri wkh
prgho duh krxvhkrog suhihuhqfhv/ ghprjudsklfv dqg surgxfw fkdudfwhulvwlfv1 Wkh hfrqrphwulfldq
lv dvvxphg wr revhuyh erwk lqglylgxdo sxufkdvh ghflvlrqv dqg ghprjudsklf wudlwv1 Wkh frqglwlrqdo
lqgluhfw xwlolw| ixqfwlrq ri d frqvxphu lv d ixqfwlrq ri wkh revhuyhg surgxfw dwwulexwhv/ krxvhkrog
ghprjudsklfv dqg prghov sdudphwhuv1 Wkhuh duh ￿ ’￿ c￿￿￿cUkrxvhkrogv dqg ￿ ’￿ c￿￿￿ca krxvlqj
surgxfwv surgxfwv1 Irupdoo|/ zh zulwh d krxvhkrog*v xwlolw| ixqfwlrq dv LE%￿c1￿cR ￿c_ ￿c0 ￿￿(w￿1
Wkh yhfwru %￿ lv d & ￿ ￿ yhfwru ri revhuyhg fkdudfwhulvwlfv ri surgxfw ￿ dqg 1￿ lv d yhfwru ri
fkdudfwhulvwlfv wkdw duh xqrevhuyhg wr wkh hfrqrphwulfldq/ exw revhuyhg e| wkh krxvhkrogv1 Wkh
sulfh ri surgxfw ￿ lv R￿/ wkh lqglylgxdo*v ghprjudsklf fkdudfwhulvwlfv duh _￿ zklfk duh dvvxphg wr
eh revhuydeoh wr wkh hfrqrphwulfldq/ 0￿￿ lv d glvwxuedqfh wr wkh frqvxphu*v ghflvlrq pdnlqj wkdw
lv gudzq lqghshqghqwo| iru hdfk ￿ dqg ￿ dqg w lv d yhfwru ri sdudphwhuv1
Wkh gdwd xvhg lq hvwlpdwlqj wkh prgho duh=
%￿ G Revhuydeoh fkdudfwhulvwlfv ri surgxfw 41
￿ Wkh sulfh ri surgxfw ￿/ R￿￿
￿ Wkh xqlw*v vwuxfwxuh lqgh{ phdvxuhg lq grooduv/ r￿?_￿1
￿ Wkh shufhqwdjh ri khdg ri krxvhkrogv zkr duh eodfn lq wkh SXPD dvvrfldwhg zlwk wkh
￿|￿ surgxfw/ 6K,@S&￿1
￿ Wkh shufhqwdjh ri khdg ri krxvhkrogv zkr duh froohjh hgxfdwhg lq wkh SXPD dvvrfldwhg
zlwk wkh ￿wk surgxfw/ 6K@￿ 1
￿ Dq lqglfdwru yduldeoh iru zkhwkhu wkh surgxfw lv rzqhg ru uhqwhg/ J￿?￿￿
￿ Wkh khgrqlf dssurdfk grhv qrw doorz wzr revhuydwlrqdoo| lghqwlfdo krxvhkrogv wr ydoxh wkh vdph
surgxfw gl￿huhqwo|1 \hw/ li rqh khdg ri krxvhkrog zrunv qhdu wkdw surgxfw zkloh dqrwkhu khdg ri krxvhkrog zrunv
idu iurp wkdw surgxfw/ wkh iruphu krxvhkrog zloo jdlq juhdwhu xwlolw| iurp olylqj wkhlu wkdq wkh odwwhu1
4<_￿ Wkh ghprjudsklf fkdudfwhulvwlfv ri krxvhkrog ￿￿
￿ Dq lqglfdwru yduldeoh iru zkhwkhu ru qrw wkh khdg ri krxvhkrog lv zklwh/ ￿￿￿|e￿￿
￿ Wkh qxpehu ri shrsoh lq krxvhkrog ￿/ ReorJ?￿￿
￿ Wkh lqfrph ri krxvhkrog ￿/ ￿?SJ6e￿￿
￿ Wkh djh ri wkh khdg ri krxvhkrog ￿/ @}e￿￿
S￿￿ Wkh frppxwh wlph ri krxvhkrog ￿ wr surgxfw ￿/ wdnlqj wkh krxvhkrog*v sodfh ri zrun
dv jlyhq1
Wkh xwlolw| ixqfwlrq xvhg lq wklv uhvhdufk lv ri wkh irup=
￿￿￿ ’ 1￿ n q￿ *L}EE￿?SJ6e￿ ￿ Ro￿Se￿￿*￿fcfff￿ n q2 *L}EEr￿?_ nH D ￿f￿*￿fcfff￿
nq￿ *L}E6K,@S&￿￿nqe *L}E6K@￿￿nqDJ￿?￿ n Z￿ *L}EE￿?SJ6e￿ ￿
Ro￿Se￿￿*￿fcfff￿ ￿ ￿￿￿|e￿ n Z2 ￿ *L}EE￿?SJ6e￿ ￿ Ro￿Se￿￿*￿fcfff￿ ￿
ReorJ?￿ n Z￿ ￿ *L}EE￿?SJ6e￿ ￿ Ro￿Se￿￿*￿fcfff￿ ￿ *L}E￿?SJ6e￿*
￿fcfff￿ n Ze *L}EE￿?SJ6e￿ ￿ Ro￿Se￿￿*￿fcfff￿ ￿ *L}E@}e￿￿nZD ￿
*L}EEr￿?_ nH D ￿ *￿fcfff￿￿ ￿ ￿￿￿|e￿ n ZS ￿ *L}EEr￿?_ nH D ￿ *￿fcfff￿￿
￿ReorJ?￿ n Z. ￿ *L}EEr￿?_ n HD￿*￿fcfff￿￿ ￿ *L}E￿?SJ6e￿*￿fcfff￿ n
ZH ￿*L}EEr￿?_ n HD￿*￿fcfff￿￿ ￿ *L}E@}e￿￿nZb ￿ *L}E6K,@S&￿￿ ￿
￿￿￿|e￿ n Z￿f ￿ *L}E6K,@S&￿￿ ￿ReorJ?￿ n Z￿￿ ￿*L}E6K,@S&￿￿ ￿
*L}E￿?SJ6e￿*￿fcfff￿ n Z￿2 ￿ *L}E6K,@S&￿￿ ￿*L}E@}e￿￿nZ￿￿ ￿
*L}E6K@￿￿ ￿ ￿￿￿|e￿ n Z￿e ￿ *L}E6K@￿￿ ￿ ReorJ?￿ n Z￿D ￿ *L}E6K@￿￿ ￿
*L}E￿?SJ6e￿*￿fcfff￿ n Z￿S ￿ *L}E6K@￿￿ ￿ *L}E@}e￿￿nZ￿. ￿ J￿?￿ ￿
￿￿￿|e￿ n Z￿H ￿ J￿?￿ ￿ ReorJ?￿ n Z￿b ￿J￿?￿ ￿ *L}E￿?SJ6e￿*￿fcfff￿
nZ2f ￿ J￿?￿ ￿ *L}E@}e￿￿nZ2￿ ￿ 1￿ ￿ ￿￿￿|e￿ n Z22 ￿ 1￿ ￿ ReorJ?￿ n
53Z2￿ ￿ 1￿ ￿ *L}E￿?SJ6e￿*￿fcfff￿ n Z2e ￿ 1￿ ￿ *L}E@}e￿￿nZ2D ￿ *L}ES￿￿￿
￿*L}E￿?SJ6e￿￿n0￿￿
Wzr dvvxpswlrqv derxw wkh xwlolw| ixqfwlrq ehdu glvfxvvlrq1 Iluvw/ vhyhudo ri wkh whupv/ vxfk
dv sulfh/ lqfrph dqg wkh vwuxfwxuh lqgh{ zhuh glylghg wkurxjk e| 43/3331 Wklv lv hvvhqwldoo|
d vfdolqj dvvxpswlrq wkdw pdnhv wkh olnholkrrg ixqfwlrq zhoo0ehkdyhg qxphulfdoo|1 Vhfrqg/ zh
dgghg ;8 wr wkh vwuxfwxuh lqgh{ wr pdnh vxuh wkdw zh glg qrw wdnh wkh orj ri d qhjdwlyh qxpehu
vlqfh wkh ydoxh ri r￿?_ zdv qhjdwlyh iru vrph krxvlqj surgxfwv1
Lq rxu glvfuhwh fkrlfh prgho/ zh lqfrusrudwh d vlpsoh yhuvlrq ri d exgjhw frqvwudlqw1 Krxvhkrog
￿ zdv dvvxphg rqo| wr eh deoh wr fkrrvh wkrvh surgxfwv ￿ iru zklfk wkh udwlr
R￿
￿?SJ6e￿ ￿￿ D71D v
zh dujxhg suhylrxvo|/ lw lv lpsruwdqw wr lqfrusrudwh d exgjhw frqvwudlqw lqwr wkh dqdo|vlv ehfdxvh
qrw doo krxvlqj jrrgv duh d￿rugdeoh iru doo krxvhkrogv1 Ohw aE￿￿ ghqrwh wkh vhw ri surgxfwv wkdw
duh d￿rugdeoh iru krxvhkrog ￿1
Iru lghqwl￿fdwlrq sxusrvhv zh qrupdol}hg 1￿ ’fdqg zh pdnh dq dvvxpswlrq wkdw 0￿￿ frphv
iurp d grxeoh h{srqhqwldo glvwulexwlrq zlwk yduldqfh ri 41 Gh￿qh e ￿￿￿E%￿c1￿cR ￿c_ ￿c0 ￿￿(w￿’
￿￿￿E%￿c1￿cR ￿c_ ￿c0 ￿￿(w￿ ￿ ￿￿￿E%￿c1￿cR ￿c_ ￿c0 ￿￿(w￿1O h w UE￿c￿￿ eh dq lqglfdwru yduldeoh iru wkh
hyhqw wkdw krxvhkrog ￿ fkrrvhv surgxfw ￿1 Wkh suredelolw| wkdw krxvhkrog ￿ fkrrvhv surgxfw ￿
lv ￿EUE￿c￿￿’￿ m%clcRc_￿￿￿ lv wkhq=
￿EUE￿c￿￿￿ ’
i TEe ￿￿￿E%￿c1￿cR ￿c_ ￿c0 ￿￿(w￿￿
S
&MaE￿￿ i TEe ￿￿&E%&c1&cR &c_￿c0 ￿￿(w￿￿
Wr irup wkh ixoo olnholkrrg ixqfwlrq/ zh zloo dovr lqfrusrudwh wkh fhqvxv zhljkwv dvvrfldwhg
zlwk hdfk krxvhkrog lqwr wkh dqdo|vlv1 Ohw Se?￿ eh wkh fhqvxv zhljkw dvvrfldwhg zlwk krxvhkrog
￿1O h w uEU(%clcRc_cSe?￿ eh wkh olnholkrrg ixqfwlrq iru wkh revhuyhg fkrlfhv/ wkdw lv/ U lv wkh
yhfwru ri doo revhuyhg fkrlfhv/ % lv wkh yhfwru ri revhuyhg surgxfw fkdudfwhulvwlfv iru doo surgxfwv/
e Wkrvh gdwd srlqwv lq wkh vdpsoh zkhuh wklv htxdolw| zdv ylrodwhg zhuh uhpryhg1 Ixuwkhupruh/ doo
krxvhkrogv zlwk lqfrph uhsruwhg dw ohvv wkdq ’;/333 zhuh uhpryhg1 Wklv fdxvhg rqo| d vpdoo
uhgxfwlrq lq vdpsoh vl}h/ iurp 56:9 wr 5364 uhsruwlqj krxvhkrogv1
54l lv wkh yhfwru ri doo surgxfw ohyho ￿{hg h￿hfwv/ R lv d yhfwru ri doo sulfhv iru doo surgxfwv dqg _
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615 Glvfxvvlrq1
Rxu hfrqrphwulf iudphzrun lv dq h{whqvlrq ri d vwdqgdug orjlw prgho zkhuh zh doorz iru lq0
whudfwlrqv ehwzhhq krxvlqj/ frppxqlw| dqg frppxwh wlph zlwk krxvhkrog ohyho ghprjudsklfv1
Xqolnh wkh orjlw prgho/ krzhyhu/ wkh uhvwulfwlyh vxevwlwxwlrq sdwwhuqv lpsolhg e| wkh lqghshqghqfh
ri luuhohydqw dowhuqdwlyhv gr qrw krog lq wkh djjuhjdwh iru rxu prgho1 Wklv lv ehfdxvh zh lqfoxgh
ghprjudsklf lqwhudfwlrqv lq rxu prgho1 Lq rxu hfrqrphwulf prgho/ d krph lv d frpelqdwlrq
ri 9 dwwulexwhv= d ydoxh ri r￿?_c 6K@/ 6K,@S&/ J￿? dqg 1 dv zhoo dv Ro￿Se1 Xqolnh vrph
suhylrxv vwxglhv zklfk djjuhjdwh krxvlqj frqvxpswlrq lqwr d vlqjoh lqgh{/ rxu prgho doorzv iru
￿yh glphqvlrqv dorqj zklfk krphv pd| gl￿hu1 Vlqfh wkhuh lv d ixoo vhw ri ghprjudsklf lqwhudf0
wlrqv/ rxu hfrqrphwulf prgho zloo doorz xv wr h{soruh krz gl￿huhqw ghprjudsklf jurxsv pdwfk
wr khwhurjhqrxv krxvlqj xqlwv1
Rxu hfrqrphwulf iudphzrun dwwhpswv wr ghdo zlwk surgxfw ohyho xqrevhuydeohv e| lqfoxglqj
￿{hg h￿hfwv lq wkh hvwlpdwlrq1 Iru hdfk surgxfw ￿ wkhuh lv d vhsdudwh 1￿ wkdw fdswxuhv xwlolw| iurp
wkh xqrevhuydeoh dwwulexwhv ri wkh surgxfw1 Dv zh phqwlrqhg hduolhu/ wkh revhuyhg dwwulexwhv ri
d krph duh rqo| fdsdeoh ri h{sodlqlqj 73 wr 93 shufhqw ri wkh yduldwlrq lq sulfh1 Wkhuhiruh lw lv
fohdu wkdw xqrevhuydeohv duh suhvhqw1 Vlqfh sulfh lv fruuhodwhg zlwk dwwulexwhv ri wkh krph wkdw
duh qrw revhuyhg wr wkh hfrqrphwulfldq/ idloxuh wr lqfoxgh ￿{hg h￿hfwv zrxog uhvxow lq d vhulrxv
hqgrjhqhlw| sureohp1
D Wkh hvwlpdwlrq dojrulwkp zdv frghg e| wkh uhvhdufkhuv lq Iruwudq1 Wkh uhvhdufkhuv xvhg wkh
LPVO oleudu|*v qxphulfdo rswlpl}dwlrq surfhhgxuhv wr ￿qg wkh sdudphwhu ydoxhv xvhg1 Wkh vrxufhv frgh lv dydlodeoh
iurp wkh dxwkruv xsrq uhtxhvw1
55Lq wkh hfrqrphwulf prgho/ wkhuh lv dovr d ixoo vhw ri ghprjudsklf lqwhudfwlrqv zlwk 1￿1 Wkhuh0
iruh/ zh duh deoh wr hvwlpdwh krxvhkrog*v zloolqjqhvv wr sd| iru erwk revhuyhg dqg xqrevhuyhg
krxvlqj dwwulexwhv1 Vlqfh gl￿huhqw ydoxhv ri wkh ghprjudsklf yduldeohv ohdg wr gl￿huhqw pdujlqdo
ydoxdwlrqv ri wkh xqrevhuydeohv/ rxu iudphzrun doorzv xv wr dffrxqw iru krz revhuyhg ghpr0
judsklf jurxsv vruw rq xqrevhuydeohv1 Lq d khgrqlf vshfl￿fdwlrq/ dv Hssoh +4<;:, h{sodlqv/ li
krxvhkrogv vruw rq xqrevhuydeohv/ wkh hvwlpdwhv surgxfhg lq d wzr vwhs khgrqlf surfhgxuh zloo
qrw eh frqvlvwhqw1 Wkh vshfl￿fdwlrq ri wkh krxvhkrog*v pd{lpl}dwlrq sureohp khuh doorzv xv
wr dgguhvv wklv sureohp dw ohdvw sduwldoo|1 Rxu dqdo|vlv grhv dvvxph/ krzhyhu/ wkdw xqrevhuyhg
krxvhkrog dwwulexwhv duh lqghshqghqw ri 1￿1
Diwhu doorzlqj iru d ixoo vhw ri ￿{hg h￿hfwv dqg ghprjudsklf lqwhudfwlrqv/ rxu prgho frqwdlqv
634 sdudphwhuv wr hvwlpdwh wkh ghpdqg iru 5:5 surgxfwv1 Zkloh lw lv srvvleoh wr dujxh iru d pruh
 h{leoh vshfl￿fdwlrq e| xvlqj d ulfkhu huuru vwuxfwxuh ru udqgrp frh!flhqwv dv lq Shwulq +4<<<,/
Qhyr +4<<<, dqg Ehuu|/ Ohylqvrkq dqg Sdnhv +4<<8,/ wklv pd| zhoo suryh wr eh frpsxwdwlrqdoo|
lqihdvleoh1 Ehfdxvh ri wkh zhdowk ri ghprjudsklf dqg frppxwlqj gdwd dqg wkh idfw wkdw wkhuh
duh 5:5 surgxfwv/ zh irxqg wkdw lw wdnhv urxjko| 5 wr 6 gd|v wr frpsxwh rxu pd{lpxp olnholkrrg
hvwlpdwhv xvlqj d Vxq Zrunvwdwlrq1 Rxu hfrqrphwulf iudphzrun zdv wkhuhiruh prwlydwhg e|
zkdw zh ihow zhuh wkh ￿uvw rughu sureohpv lq fruuhfwo| hvwlpdwlqj krxvlqj ghpdqg1 Zh ohdyh
h{whqvlrqv ri wkh iudphzrun wr ixwxuh uhvhdufkhuv zkr zloo xqgrxewhgo| kdyh dffhvv wr pruh
srzhuixo frpsxwdwlrqdo wrrov1
Lw lv lpsruwdqw wr qrwh wkdw zh kdyh irufhg wkh Sklodghoskld pljudqwv wr fkrrvh dprqj wkh 5:5
surgxfwv r￿huhg lq wkh Sklodghoskld phwursrolwdq duhd1 Fohduo|/ li wkh sulfh ri doo ri wkhvh surgxfwv
vn|urfnhwhg wkhq pdq| ri wkhvh krxvhkrogv zrxog pryh wr rwkhu flwlhv vxfk dv Fklfdjr1 Lq rxu
hfrqrphwulf prgho/ zh fkrrvh qrw wr lqfoxgh dq rxwvlgh jrrg1 Wkh gudzedfn ri wklv fkrlfh lv
wkdw hyhq li wkh sulfhv ri doo surgxfwv ehfrph duelwudulo| odujh/ frqvxphuv zloo vwloo olyh vrphzkhuh
lq Sklodghoskld1 Wklv lv fohduo| idovh1 Krzhyhu/ lq suhylrxv yhuvlrqv ri wklv prgho/ zh irxqg fohduo|
lpsodxvleoh uhvxowv zkhq zh lqfoxghg dq rxwvlgh jrrg lqwr wkh dqdo|vlv/ vxfk dv zurqj vljqv rq
56ydulrxv frh!flhqwv dqg fohduo| lpsodxvleoh hodvwlflwlhv1 Wklv vkrxog qrw eh vxusulvlqj vlqfh wkhuh
lv qr vlqjoh ￿jrrg￿ wkdw fkdudfwhul}hv zkdw khwhurjhqhrxv krxvhkrogv zloo frqvxph li wkh| pryh
rxw ri Sklodghoskld1 Wkh rswlrq fkrvhq e| wkh ulfkhvw dqg srruhvw krxvhkrog zloo fohduo| gl￿hu1
Krzhyhu/ wklv lv qrw doorzhg e| dq dvvxpswlrq ri dq rxwvlgh jrrg1
D olplwdwlrq ri rxu prgho lv wkdw krxvhkrogv idfh d vwdwlf pd{lpl}dwlrq sureohp1 Krxvlqj
lv d gxudeoh jrrg dqg prylqj lv frvwo| wkhuhiruh wkh frqvxphu pxvw hydoxdwh khu wudgh0r￿v
lqwhuwhpsrudoo|1 Wr surshuo| irup d vwuxfwxudo prgho ri wkh g|qdplfv ri ghflvlrq pdnlqj/ sdqho
gdwd rq lqglylgxdo ohyho fkrlfhv lv w|slfdoo| uhtxluhg1 Krzhyhu/ wklv w|sh ri gdwd lv qrw dydlodeoh
lq wkh fhqvxv1 Gdwd vrxufhv vxfk dv wkh SVLG gr frqwdlq sdqhov rq lqglylgxdo krxvhkrogv/
krzhyhu/ zh zrxog orrvh wkh ulfk ghvfulswlrq ri wkh yduldwlrq ri wkh krxvlqj vwrfn zlwklq d flw|
dqg krz gl￿huhqw ghprjudsklf jurxsv fkrrvh wr orfdwh zlwklq d flw|19 Iruwxqdwho|/ dv Uxvw
+4<<7, srlqwv rxw/ wkh w|sh ri prgho zh hvwlpdwh fdq eh fruuhfwo| lqwhusuhwhg dv wkh ydoxh
ixqfwlrq ri d krxvhkrog*v g|qdplf surjudp +Vhh Uxvw +4<<7, iru d pruh frpsohwh glvfxvvlrq1,1
Doo ri rxu ghprjudsklf yduldeohv zrxog eh qdwxudo vwdwh yduldeohv lq d g|qdplf prgho ri krxvlqj
dqg orfdwlrq fkrlfh1 Iru h{dpsoh/ fxuuhqw lqfrph dqg udfh duh lpsruwdqw lqglfdwruv ri ixwxuh
lqfrph1 Kljkhu fxuuhqw lqfrph wrgd| rqh zrxog h{shfw wr lqfuhdvh wkh h{shfwdwlrq ri ixwxuh
lqfrph dqg/ li wkhuh lv glvfulplqdwlrq lq oderu pdunhwv/ zkhq wkh lqglfdwru yduldeohv zklwh lv }hur/
wkh h{shfwdwlrq ri ixwxuh lqfrph idoov1 Wkhvh frqvlghudwlrqv duh lpsruwdqw zkhq lqwhusuhwlqj wkh
uhvxowv iurp rxu dqdo|vlv1
Frqvlghu/ iru lqvwdqfh/ d srvlwlyh frh!flhqw rq wkh lqwhudfwlrq ehwzhhq ￿￿￿|e dqg J￿? + d vl wl v
lq rxu hvwlpdwhv,1 Wklv frxog uh hfw kljkhu pdujlqdo ydoxdwlrq ri krph rzqhuvkls lq hdfk shulrg
dprqj zklwhv1 Dq dowhuqdwlyh h{sodqdwlrq/ krzhyhu/ lv wkdw zklwhv kdyh kljkhu h{shfwdwlrqv
iru ixwxuh hduqlqjv gxh wr glvfulplqdwlrq lq oderu pdunhwv dqg/ lq dqwlflsdwlrq ri kljkhu ixwxuh
hduqlqjv/ zklwhv vshqg pruh rq krph rzqhuvkls wkdq qrq0zklwhv1 Lw lv qrw fohdu krz zh fdq
S E| vwxg|lqj krxvlqj fkrlfh zlwklq d vlqjoh orfdo oderu pdunhw/ zh vlghvwhs wkh gl!fxow sureohp ri
krz krxvhkrogv fkrrvh zklfk orfdo oderu pdunhw wr orfdwh lq dqg wkhq frqglwlrqdo rq wklv zkdw
lv wkhlu ehvw krxvlqj surgxfw wr frqvxph1
57uhvroyh wkhvh lvvxhv zlwkrxw sdqho gdwd rq krxvhkrogv1 Vlqfh rxu ghprjudsklf yduldeohv zrxog
eh qdwxudo vwdwh yduldeohv lq doprvw dq| g|qdplf prgho ri krxvlqj frqvxpswlrq/ wr lqwhusuhw wkh
uhvxowv zh pxvw ehdu lq plqg wkdw krxvhkrogv idfh qrw rqo| vwdwlf wudgh0r￿v/ exw dovr pdnh wkhlu
ghflvlrqv lq oljkw ri h{shfwdwlrqv derxw wkh ixwxuh1
7 Sdudphwhu Hvwlpdwhv dqg Uhvxowv1
Wkh sdudphwhu hvwlpdwhv iru wkh prgho duh dv iroorzv=
Par am et erEs t i ma t e s
Sdudphwhu POH V1H1 Sdudphwhu P1O1H1 V1H1
q￿ 4:1:5 Z￿ 06199:3
q2 31;55< Z2 04179:6
q￿ 416848 Z￿ ;16838
qe 61;9<5 Ze 051;:66
qD 061;4:5 ZD 318:83
ZS 41<859 Z￿S 0318:43
Z. 31<39: Z￿. 319388
ZH 03153<6 Z￿H 315434
Zb 0319;:5 Z￿b 413:93
Z￿f 0519;94 Z2f 316:8:
Z￿￿ ;17474 Z2￿ 31748:
Z￿2 0314<4; Z22 03143539
Z￿￿ 0317755 Z2￿ 3194:5
Z￿e 0318798 Z2e 03145:6
Z￿D 3175<< Z2D 041995;
Qh{w/ zh uhsruw d vhw ri uhvxowv derxw krz dq dyhudjh phpehu ri wkh srsxodwlrq zrxog ydoxh
d whq shufhqw fkdqjh lq dq| rqh ri wkh 8 yduldeohv wkdw ghvfuleh wkh revhuydeoh fkdudfwhulvwlfv ri
wkh surgxfw1 Wr vhh krz wkhvh frpsxwdwlrqv zrun/ ￿uvw ri doo ghvfuleh d phwkrg iru phdvxulqj
krz d krxvhkrog ydoxhv d 43 shufhqw lqfuhdvh lq wkh yduldeoh 6K@1 Zh frqvlghu wzr srvvleoh
frqvxpswlrq exqgohv/ lq wkh ydoxh ri ped lq wkh ￿uvw exqgoh lv 6K@￿ dqg wkh ydoxh ri wkh lq wkh
vhfrqg exqgoh lv 6K@2 ’￿ ￿￿￿6K@￿￿ Wkh wrwdo dprxqw ri qrq0krxvlqj frqvxpswlrq lq wkh ￿uvw
frqvxpswlrq exqgoh lv S￿ ’ ￿?SJ6e￿￿Ro￿Se￿ dqg wkh wrwdo dprxqw ri qrq0krxvlqj frqvxpswlrq
58lq wkh vhfrqg exqgoh lv S2 ’ ￿?SJ6e2￿Ro￿Se2￿ Li doo rwkhu fkdudfwhulvwlfv ri wkh krxvlqj exqgohv
duh frqvwdqw dfurvv wkh ￿uvw dqg vhfrqg exqgoh wkh frqvxphu zloo eh lqgl￿huhqw ehwzhhq wkh ￿uvw
dqg vhfrqg exqgoh li dqg rqo| li=
h q *L}ES￿*￿fcfff￿ n h Z*L}E6K@￿￿’h q*L}ES2*￿fcfff￿ n h Z*L}E6K@2￿
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Zh zloo/ lq wkh wh{w/ uhihu wr
S￿
S2 dv wkh frqvxpswlrq udwlr1 Vlplodu zloolqjqhvv wr sd| fdofxodwlrqv
fdq eh pdgh iru rwkhu surgxfw fkdudfwhulvwlfv1
Zh xvh rxu vwuxfwxudo hvwlpdwhv wr suhvhqw d vhw ri zloolqjqhvv wr sd| fdoxfdwlrqv zkhq wkh
ghprjudsklf fkdudfwhulvwlfv duh vhw htxdo wr wkhlu srsxodwlrq dyhudjhv1 Dq dyhudjh krxvhkrog
lq rxu vdpsoh kdv d ydoxh ri zklwh htxdo wr 31;673/ wkh qxpehu ri shuvrqv htxdo wr 51:68/
dq dyhudjh lqfrph ri 7;/694 dqg dq djh ri 6;148441 Wkh dyhudjh dprxqw ri h{shqglwxuh rq
qrqkrxvlqj frqvxpswlrq lv 67/975 grooduv +suhwd{,1 Wkh uhvxowv duh ehvw lqwhusuhwhg lq wkh fhqwhu
ri rxu vdpsoh/ vr zh lqfoxgh d vdpsoh phdq dqg vwdqgdug ghyldwlrq iru doo yduldeohv1 Lq wkh
iroorzlqj wdeoh zh vxppdul}h wkhvh zloolqjqhvv wr sd| phdvxuhv dqg hydoxdwh wkhp dw wkh fhqwhu
ri rxu vdpsoh1 Zh lqfuhdvh wkh ydoxh ri r￿?_/ 6K,@S&/ 6K@ e| whq shufhqw dqg frpsxwh wkh
frqvxpswlrq udwlr dv lq wkh deryh h{suhvvlrq1 Zh dovr fkdqjh wkh ydoxh ri wkh lqglfdwru yduldeoh
J￿? iurp }hur wr rqh dqg grxeoh wkh frppxwlqj wlph iru wkh krxvhkrog1 Wkh zloolqjqhvv wr
59sd| fdofxodwlrq lv irxqg e| frpsxwlqj wkh gl￿huhqfh ehwzhhq S￿ dqg S2 iru d krxvhkrog zlwk
frqvxpswlrq ri 67/975 grooduv +suh0wd{, rq qrqkrxvlqj jrrgv1
Yduldeoh Dyhudjh V1G1 Frqvxpswlrq Udwlr Zloolqjqhvv wr Sd|
r￿?_ 87;<133 568418: 413478 835163
6K,@S& 147:; 14;:3 41334 671975
6K@ 14698 1453< 413376 47;1<9
J￿? 17< 17<< 41357; ;8<145
SJ66￿|e 581<6 491< 31;:5 7836133
Vlqfh wklv wdeoh lv frpsxwhg dw wkh vdpsoh dyhudjh/ lw pdvnv wkh idfw wkdw zloolqjqhvv wr sd|
ydulhv juhdwo| zlwklq wkh srsxodwlrq1 Lq krxvlqj pdunhwv/ khwhurjhqrxv krxvhkrogv pdwfk wr
khwhurjhqrxv krxvlqj xqlwv1 Lq rughu wr xqghuvwdqg wklv pdwfklqj surfhvv/ lw lv xvhixo wr vwxg|
krz zloolqjqhvv wr sd| phdvxuhv ydu| dv wkh ghprjudsklf fkdudfwhulvwlfv ri wkh krxvhkrog ydu|1
Wklv lq wxuq zloo khos xv wr xqghuvwdqg wkh surfhvv ri krz gl￿huhqw krxvhkrogv pdwfk wr gl￿huhqw
krxvlqj xqlwv lq wkh flw|1
Lq Iljxuh 5/ zh uhsruw krz wkh zloolqjqhvv wr sd| iru vwuxfwxuh ydulhv zlwk uhvshfw wr krxvhkrog
ghprjudsklfv1 Zh grxeoh wkh dprxqw ri wkh yduldeoh r￿?_/ dw wkh vdpsoh dyhudjh/ dq lqfuhdvh
iurp ’5/684 wr ’7/:351 Doo krxvhkrog ghprjudsklf fkdudfwhulvwlfv duh vhw wr wkh srsxodwlrq
dyhudjh1 zlwk wkh qxpehu ri shuvrqv htxdo wr 51:68/ lqfrph lv 7;/694 dqg dq djh ri 6;148441
Wr frpsxwh wkh zloolqjqhvv wr sd| iru d grxeolqj ri vwuxfwxuh/ zh xvh htxdwlrqv 714 wkurxjk
7161 Lq wkh ￿uvw ￿jxuh/ zkhq zh ydu| wkh yduldeoh zklwh iurp }hur wr rqh/ wkh zloolqjqhvv
wr sd| lqfuhdvhv wr ’7/633 zkloh eodfnv duh zloolqj wr sd| ’5/7331 Wkhuh lv d eodfn2zklwh
gl￿huhqfhv lq zloolqjqhvv wr sd| iru vwuxfwxuh hyhq kroglqj lqfrph ￿{hg1: Wklv frxog eh gxh wr d
qxpehu ri idfwruv1 Dv zh glvfxvvhg deryh/ wkh lqgluhfw xwlolw| ixqfwlrq zh hvwlpdwh lv fruuhfwo|
lqwhusuhwhg dv d uhgxfhg irup iru d krxvhkrog*v ydoxh ixqfwlrq1 D krxvhkrog*v udfh lv d vwdwh
yduldeoh wkdw frqwdlqv lpsruwdqw lqirupdwlrq derxw wkh suredelolw| ri hyhqwv lq wkh ixwxuh/ vxfk
dv ixwxuh hduqlqjv sur￿ohv/ iru lqvwdqfh1 Wkhuhiruh/ lq lqwhusuhwlqj wkhvh uhvxowv lw lv lpsruwdqw wr
nhhs lq plqg wkdw wkh kljkhu zlooolqjqhvv wr sd| e| zklwhv iru vwuxfwxuh frxog eh gr wr olih f|foh
. Qrwh wkdw vwuxfwxuh*v xqlwv duh grooduv1 Xvlqj wkh khgrqlf uhjuhvvlrqv suhvhqwhg lq Wdeoh Ilyh/ rqh
fdq phdvxuh zkdw lv wkh zloolqjqhvv wr sd| iru dq| rqh frpsrqhqw ri wkh vwuxfwxuh lqgh{ vxfk
dv wkh zloolqjqhvv wr sd| iru dq h{wud urrp
5:idfwruv vxfk dv kljkhu h{shfwhg shupdqhqw lqfrph1 Dqrwkhu lqwhuhvwlqj uhvxow iurp ￿jxuh wzr
lv wkh qxpehu ri shrsoh lq wkh krxvhkrog kdv d odujh lpsdfw rq wkh ghpdqg iru vwuxfwxuh1
Zkloh ulfkhu krxvhkrogv vshqg pruh rq vwuxfwxuh wkdq srruhu krxvhkrogv/ wkh zloolqjqhvv wr
sd| iru dq lqfuhdvh lq vwuxfwxuh idoov dv lqfrph ulvhv1 Wklv lv frqvlvwhqw zlwk rxu uhgxfhg irup
uhvxowv wkdw vxjjhvw wkdw wkh h{shqglwxuh vkduh rq krxvlqj whqgv wr kdyh d frqyh{ vkdsh1 Dv
krxvhkrogv ehfrph ulfkhu/ wkh| whqg wr vshqg d orzhu ryhudoo shufhqwdjh ri lqfrph rq krxvlqj
vhuylfhv1 Wklv ￿qglqj kdv lpsruwdqw lpsolfdwlrqv iru Dorqvr/ Pxwk/ Ploov +DPP, prgho ri xuedq
irup1 Dv glvfxvvhg lq Zkhdwrq +4<::,/ li wkh ulfk kdyh d kljk zloolqjqhvv wr sd| iru krxvlqj
vwuxfwxuh zklfk lv juhdwhu wkdq wkhlu zloolqjqhvv wr sd| wr dyrlg frppxwlqj/ wkhq rswlpdo krxvlqj
fkrlfh surylghv dq h{sodqdwlrq iru zk| zh revhuyh wkh zhdowk| lq wkh vxexuev +zkhuh vwuxfwxuh lv
fkhdshu wr sxufkdvh exw frppxwhv duh orqjhu, udwkhu wkdq lq wkh fhqwhu flw|1 Rxu ￿qglqjv duh
lq dffrug zlwk Zkhdwrq +4<::, wkdw wkh lqfrph hodvwlflw| ri ghpdqg iru vwuxfwxuh lv wrr orz wr
vxssruw wkh DPP h{sodqdwlrq iru zk| wkh zhdowk| olyh lq wkh vxexuev1 ghfhqwudol}dwlrq1
Lq Iljxuh 6/ zh vwxg| zloolqjqhvv wr sd| wr olyh lq plqrulw| frppxqlwlhv dv d frppxqlw|*v
shufhqw eodfn ￿peodfn￿ lv grxeohg iurp 147:; lq rxu vdpsoh wr 315<891 Lw lv srvvleoh wkdw
plqrulw| krxvhkrogv duh hdjhu wr olyh lq wkh vdph frppxqlw| zlwk rwkhu krxvhkrogv ri vlplodu
edfnjurxqgv1 Vxfk frppxqlwlhv pd| r￿hu juhdwhu dffhvv wr vrfldo qhwzrunv dqg edvlf fklog fduh
vhuylfhv1 Zklwh krxvhkrogv pd| ihdu plqrulw| frppxqlwlhv dqg eh zloolqj wr sd| qrw wr olyh wkhuh
hyhq li jrrg krxvlqj qhdu mrev duh dydlodeoh1 D krxvhkrog*v zloolqjqhvv wr sd| iru wklv dwwulexwh
lv uhodwlyho| lqvhqvlwlyh wr krxvhkrog ghprjudsklfv1 Rxu uhvxowv lqglfdwh wkdw qrq0zklwhv kdyh d
voljkw suhihuhqfh iru olylqj forvh wr rwkhu qrq0zklwhv1 Wklv vpdoo hvwlpdwh lv vxusulvlqj1 Lq wklv
sdshu/ zh kdyh rqo| dvvxphg wkdw krxvhkrogv idfh d exgjhw frqwudlqw1 Udflvp lv fhuwdlqo| dqrwkhu
frqvwudlqw zklfk zrxog olplw wkh surgxfwv zklfk d qrq0zklwh krxvhkrog zrxog kdyh wr fkrrvh
iurp1 Li eodfnv frxog rqo| fkrrvh dprqj d kdqgixo ri surgxfwv zklfk duh frqfhqwudwhg lq eodfn
frppxqlwlhv/ wkhq rxu vwuxfwxudo dssurdfk zrxog |lhog hvwlpdwhv wkdw eodfn krxvhkrogv juhdwo|
5;ghvluh olylqj lq eodfn frppxqlwlhv zkhq lq idfw wkh| zhuh sJoSe_ wr olyh lq wkhvh frppxqlwlhv
+Ndlq dqg Txljoh| 4<:8,1
D zklwh krxvhkrog lv urxjko| lqgl￿huhqw/ zkhq doo rwkhu ghprjudsklf yduldeohv duh vhw qhdu
wkhlu dyhudjh/ ehwzhhq olylqj lq d SXPD zlwk d ydoxh ri 147:; iru 6K,@S& dqg d SXPD zlwk
d ydoxh ri 315<89 iru 6K,@S&1 Wklv/ shukdsv vxusulvlqj/ uhvxow qhhgv wr eh h{sodlqhg1 Rxu
vwuxfwxudo prgho frqwurov iru wkh SXPD*v shufhqw froohjh judgxdwhv dqg iru d ￿{hg h￿hfw1 Wkxv/
d frppxqlw|*v shufhqw eodfn lv qrw sur{|lqj iru xqrevhuyhg frppxqlw| dwwulexwhv vxfk dv srru
vfkrrov ru qhljkerukrrg fulph1 Wkhvh surgxfw ohyho dwwulexwhv duh fdswxuhg e| wkh surgxfw ￿{hg
h￿hfw1 Zh eholhyh wkdw li zh glg qrw frqwuro iru wkhvh dwwulexwhv/ wkhq zklwh krxvhkrogv zrxog
h{klelw d pxfk juhdwhu glvxwlolw| iurp olylqj qhdu qrq0zklwhv1; Zkloh qrq0zklwhv uhyhdo d voljkw
suhihuhqfh iru olylqj zlwk qrq0zklwhv/ rxu uhvxowv dsshdu wr vwdqg lq frqwudvw zlwk d surplqhqw
uhfhqw sdshu e| Fxwohu/ Jodhvhu dqg Yljgru +4<<<, zkr dujxh wkdw udfldo vhjuhjdwlrq shuvlvwv
dfurvv flwlhv gxh wr ￿ghfhqwudol}hg udflvp￿1 Wklv k|srwkhvlv vwdwhv wkdw zklwhv duh zloolqj wr
sd| pruh wkdq eodfnv wr olyh zlwk rwkhu zklwhv dqg wkdw wklv frqwulexwhv wr vhjuhjdwlrq1 Rxu
hvwlpdwhv ri wkh Sklodghoskld pljudqwv* xwlolw| ixqfwlrq sdudphwhuv lqglfdwh wkdw rwkhu idfwruv/
qdpho| wkh sxuvxlw ri rzqhuvkls/ olylqj qhdu froohjh judgxdwhv/ dqg frppxwh plqlpl}dwlrq gzdui
wkh zloolqjqhvv wr sd| wr dyrlg plqrulwlhv1 Ehorz/ zh zloo uhwxuq wr wklv lpsruwdqw xuedq txhvwlrq
ri zk| eodfnv duh ryhu0uhsuhvhqwhg lq wkh fhqwhu flw|1
D frppxqlw|*v shufhqw froohjh judgxdwh/ 6K@c lv dq lpsruwdqw orfdo sxeolf jrrg1 Dv glvfxvvhg
e| Fdvh dqg Ndw} +4<<4, dqg Udxfk +4<<6,/ wkhuh duh olnho| wr eh juhdwhu lqwhoohfwxdo vslooryhuv lq
pruh hgxfdwhg frppxqlwlhv zkhuh fkloguhq duh pruh olnho| wr kdyh dffhvv wr ￿uroh prghov￿1 Iru
d grxeolqj ri wkh vdpsoh dyhudjh iurp 14698 wr 315:6/ wkh dyhudjh krxvhkrog zrxog eh zloolqj
wr sd| ’47;1 Qrq0zklwhv duh zloolqj wr sd| pruh iru ￿uroh prghov￿ wkdq zklwhv1 Plqrulw|
H Lq d uhfhqw vwxg|/ GlSdvtxdoh dqg Ndkq +4<<<, suhvhqw d khgrqlf krph sulfh uhjuhvvlrq iru
wkh Orv Dqjhohv frxqw| lq 4<<31 H{sorlwlqj wkh lqwud0frxqw| yduldwlrq dfurvv wklv duhd*v 8; SXPDv/ wkh| vkrz wkdw
diwhu frqwuroolqj iru wkh vwuxfwxuh*v dwwulexwhv dqg wkh SXPD*v fulph ohyho/ sxeolf vfkrro txdolw|/ dqg kxpdq fdslwdo
sur{lhv/ wkdw wkh SXPDv udfldo frpsrvlwlrq lv eduho| fdslwdol}hg lqwr krph sulfhv1 Gursslqj wkhvh
remhfwlyh orfdo sxeolf jrrgv lqglfdwruv ohdgv wr pxfk odujhu qhjdwlyh ydoxhv ri ( plqrulw| rq krph sulfhv1
5<krxvhkrogv duh pruh olnho| wr kdyh dq xqpduulhg ihpdoh khdg1 D krxvhkrog dwwhpswlqj wr
lqfuhdvh fklog txdolw| zloo uhfrjql}h wkdw wkhuh lv d surgxfwlrq ixqfwlrq zkhuh frppxqlw| lqsxwv
duh vxevwlwxwhv iru sduhqwdo lqsxwv1 Li d sduhqw lv qrw olylqj lq wkh krxvhkrog/ wkhq d ehwwhu
frppxqlw| pd| eh qhhghg wr r￿vhw wkh orvw sduhqwdo lqsxwv1 Dv wkh qxpehu ri shrsoh lq wkh
krxvhkrog lqfuhdvhv/ wkh zloolqjqhvv wr sd| wr olyh qhdu froohjh judgxdwhv idoov1 Nhhs lq plqg
wkdw rxu phdvxuh ri lqfrph lv krxvhkrog lqfrph1 Lq d odujhu krxvhkrog/ shu0fdslwd lqfrph lv
orzhu1 Vlqfh kljk txdolw| qhljkeruv duh d qrupdo jrrg/ srruhu idplolhv duh olnho| wr d￿rug olylqj
qhdu wkhp hvshfldoo| li wkh| qhhg wr sxufkdvh pruh vwuxfwxuh1 Ulfkhu krxvhkrogv dovr duh zloolqj
wr sd| pruh iru d grxeolqj ri 6K@￿ D krxvhkrog zlwk dq lqfrph ri ’4:/333 lv zloolqj wr sd|
’:83 zkloh d ulfkhu krxvhkrog zlwk dq lqfrph ri ’83/333 lv zloolqj wr sd| ’4/5831 Dovr/ doo rwkhu
wklqjv khog frqvwdqw/ zkhq wkh khdg ri krxvhkrog lv roghu/ olylqj lq d frppxqlw| zlwk d kljkhu
shufhqwdjh ri froohjh judgxdwhv ehfrphv ohvv lpsruwdqw1 Wklv lv dgglwlrqdo hylghqfh wkdw kljko|
hgxfdwhg frppxqlwlhv duh ylhzhg dv dq lqsxw lq fklog txdolw| surgxfwlrq1
Rzqhuvkls lv dozd|v glvfxvvhg dv d nh| frpsrqhqw ri wkh ￿Dphulfdq Guhdp￿1 D idprxv
sdshu e| Pdqnlz dqg Zhlo +4<;<, dujxhg wkdw vkliwlqj ghprjudsklfv/ qdpho| wkh djlqj glvvdylqj
Ede| Errphuv/ zrxog ohdg wr d 63( fudvk lq krph sulfhv1 Ghprjudsklf fkdqjhv fdq rqo|
lq xhqfh krph sulfhv li gl￿huhqw ghprjudsklf jurxsv kdyh yhu| gl￿huhqw suhihuhqfhv iru rzqlqj
yhuvxv uhqwlqj1 Iru h{dpsoh/ li |rxqjhu ru vpdoohu krxvhkrogv gr kdyh orz zloolqjqhvv wr sd|
wr rzq/ wkhq wklv zrxog uhsuhvhqw hylghqfh lq idyru ri wkh Pdqnlz dqg Zhlo +4<;<, k|srwkhvlv1
Zkloh rxu prgho lv vwdwlf dqg vdylqj iru d grzqsd|phqw wr sxufkdvh d krph lv dq lpsruwdqw
uhdo zruog skhqrphqd +vhh Hqjhokdugw dqg Pd|hu 4<<9,/ rxu vwuxfwxudo hvwlpdwhv surylgh qhz
lqvljkwv lqwr wkh zloolqjqhvv wr wudghr￿ frqvxpswlrq iru rzqhuvkls1 Zklwhv duh zloolqj wr sd|
pruh iru krxvhlqj wkdq qrq0zklwhv1 Rqfh djdlq/ lw lv lpsruwdqw wr uhphpehu wkdw ghprjudsklf
yduldeohv duh vwdwh yduldeohv1 Wklv gl￿huhqfh frxog eh dwwulexwhg wr gl￿huhqfhv lq ixwxuh h{shfwhg
hduqlqjv ehwzhhq ghprjudsklf jurxsv1 Krphrzqhuvkls lqfuhdvhv lq lpsruwdqfh/ qrw vxusulvlqjo|/
dv wkh qxpehu ri phpehuv lq wkh krxvhkrogv lqfuhdvhv1 Dv wkh vl}h ri wkh krxvhkrog lqfuhdvhv
63iurp 4 wr :/ d krxvhkrog zlwk vhyhq shuvrqv dqg doo rwkhu yduldeohv vhw dw wkhlu ghprjudsklf
phdqv/ zrxog eh zloolqj wr vdful￿fh xs wr’46/;891;3 shu |hdu wr pryh iurp wkh vwdwxv ri d uhqwhu
wr dq rzqhu1 Rzqhuvkls ehfrphv pruh lpsruwdqw dv lqfrph lqfuhdvhv1 Odvwo|/ dv wkh djh ri wkh
khdg ri krxvhkrog lqfuhdvhv/ rzqhuvkls ehfrphv pruh lpsruwdqw1 Lw lv lpsruwdqw wr uhphpehu
wkdw rxu vdpsoh frqvlvwv vroho| ri pljudqwv vr zh rxu hvwlpdwlrq uhvxowv duh qrw slfnlqj xs roghu
krxvhkrogv ￿orfnhg lq￿ wr wkhlu rzqhu rffxslhg krph dqg wkxv qhyhu prylqj1
Odvwo|/ zh frqvlghu wkh zloolqjhvv wr sd| wr frppxwh ohvv wlph1 Wkhuh lv fhuwdlqo| srsxodu
frqfhuq derxw wkh jurzwk lq frqjhvwlrq lq xuedq duhdv dv yhklfoh xvh ulvhv +Grzqv 4<<4,1 Sxeolf
wudqvlw lv zhoo nqrzq wr eh d wlph lqwhqvlyh wudqvsruwdwlrq whfkqrorj| +OhUr| dqg Vwrqvholh 4<;6,1
Wkh srvvleoh h!flhqf| jdlqv dfklhydeoh wkurxjk frqjhvwlrq sulflqj fuxfldoo| ghshqg rq krz pxfk
krxvhkrogv duh zloolqj wr sd| wr dyrlg frppxwlqj orqjhu1 Fhqwhu flw| srolwlfldqv dovr kdyh d
vwdnh lq phdvxulqj zloolqjqhvv wr sd| wr dyrlg frppxwlqj1 Dv grfxphqwhg deryh/ fhqwhu flw|
zrunhuv zkr olyh lq wkh fhqwhu flw| frppxwh dq dyhudjh ri 425 dq krxu ohvv shu gd| wkdq fhqwhu
flw| zrunhuv zkr olyh lq wkh vxexuev1 Li krxvhkrogv kdyh d juhdw glvxwlolw| iru frppxwlqj/
wkhq vpdoo lpsuryhphqwv lq fhqwudo flw| vfkrrov dqg uhgxfhg fulph frxog kdyh d odujh h￿hfw
rq uhgxflqj plggoh fodvv  ljkw wr wkh vxexuev +Plhvnrzvnl dqg Ploov 4<<6,1 Dw wkh vdpsoh
dyhudjh/ wklv lpsolhv wkdw d krxvhkrog lv zloolqj wr vdful￿fh ’9/378 grooduv wr dyrlg d grxeolqj
ri rqh zd| frppxwh wlph/ iurp 58 wr 83 plqxwhv1 Li dq krxvhkrog zrunv 593 gd|v shu |hdu/ d
wzhqw|0￿yh plqxwh lqfuhdvh lq rqh0zd| frppxwlqj wlph lpsolhv dq h{wud 549 krxuv rq wkh urdg
hdfk |hdu1 Rxu hvwlpdwhv lpso| wkdw d krxvhkrog ydoxhv lwv wlph dw 5; grooduv shu krxu dw wkh
vdpsoh dyhudjh1 Zkloh zh h{shfwhg wr ￿qg wkdw wkh zloolqjqhvv wr sd| wr dyrlg frppxwlqj
ulvhv zlwk lqfrph +zlwk dq hodvwlflw| forvh wr rqh,/ zh dfwxdoo| ￿qg wkdw frppxwlqj lv qrw yhu|
lqfrph hodvwlf1 Dv uhfhqwo| glvfxvvhg e| Fdoihh dqg Zklqvwrq +4<<;,/ qhz surgxfwv vxfk dv kljk
txdolw| yhklfohv zlwk hqwhuwdlqphqw v|vwhpv pd| dfwxdoo| jlyh wkh ulfk d frpsdudwlyh dgydqwdjh
lq frppxwlqj uhodwlyh wr srruhu krxvhkrogv1 Wr vxppdul}h rxu ￿qglqjv rq wkh DPP k|srwkhvlv/
zh ￿qg wkdw erwk wkh lqfrph hodvwlflw| ri ghpdqg iru vwuxfwxuh dqg frppxwlqj duh txlwh orz1
64Wkh zloolqjqhvv wr sd| dqdo|vlv kdv irfxvhg rq d vlpsoh frpsdudwlyh vwdwlfv kroglqj doo gh0
prjudsklf idfwruv dw wkhlu phdqv1 Lq d khwhurjhqhrxv phwursrolwdq duhd olnh Sklodghoskld/ wkh
￿dyhudjh shuvrq￿ pd| qrw h{lvw1 Wr vwxg| wkh zloolqjqhvv wr sd| iru ￿uhdo shrsoh￿/ zh fuhdwh 57
krxvhkrog w|shv dqg frpsxwh iru hdfk ri wkhvh krxvhkrogv wkhlu zloolqjqhvv wr sd| iru vwuxfwxuh/
rzqhuvkls/ frppxqlw| dqg frppxwlqj1 Wkhuh duh wzr djh fdwhjrulhv +krxvhkrog khdgv djhv 63
ru 78,/ wzr udfh fdwhjrulhv +zklwh dqg qrq0zklwh,/ wzr krxvhkrog vl}hv +5 shrsoh ru 7 shrsoh, dqg
wkuhh krxvhkrog lqfrph ohyhov1 Wkh krxvhkrog lqfrph ohyhov +’4;/:33/ ’67586/ dqg ’87/333,
uhsuhvhqw wkh 58wk shufhqwloh/ phgldq dqg :8wk shufhqwloh ri wkh Sklodghoskld pljudqw krxvhkrog
lqfrph glvwulexwlrq1
Wdeoh Hljkw surylghv hvwlpdwhv ri zloolqjqhvv wr sd| iru 57 ghprjudsklf w|shv odehohg w|sh
40571 Wkhuh duh 6 lqfrph jurxsv uhsuhvhqwlqj orz lqfrph/ phgldq lqfrph/ dqg kljk lqfrph
+58wk/ phgldq dqg :8wk shufhqwloh ri wkh hpslulfdo glvwulexwlrq/ uhvshfwlyho|,/ 5 udfldo jurxsv
+zklwhv dqg qrq0zklwhv,/ 5 djh jurxsv +djh 63 dqg djh 78,/ rxu vdpsoh duh pljudqwv zkr duh
|rxqjhu dqg wzr krxvhkrog vl}hv +5 shrsoh dqg 7 shrsoh,1 Wklv lv d xvhixo zd| wr glvsod|
srsxodwlrq yduldwlrq lq zloolqjqhvv wr sd| iru vwuxfwxuh/ frppxwlqj/ rzqhuvkls dqg frppxwlqj1
Rxu wkrxjkw h{shulphqw lv wr phdvxuh lq dqqxdo grooduv zloolqjqhvv wr sd| iru d grxeolqj ri hdfk
dwwulexwh/ kroglqj doo rwkhu dwwulexwhv dw wkhlu vdpsoh phdqv dqg kroglqj ghprjudsklfv dw wkh
ohyhov lqglfdwhg lq hdfk urz1 Hdfk ri wkh 57 urzv uhsuhvhqwv d gl￿huhqw ghprjudsklf jurxs dqg
hdfk ri wkh uljkw ￿yh froxpqv uhsuhvhqwv d zloolqjqhvv wr sd| iru d gl￿huhqw dwwulexwh1 Wr nhhs
wkh glvfxvvlrq lqwhooljleoh/ wkh ohiw froxpq ri Wdeoh Hljkw lghqwl￿hv zklfk ghprjudsklf ￿w|sh￿ zh
duh glvfxvvlqj1
Frqwuroolqj iru lqfrph/ djh dqg krxvhkrog vl}h/ srru zklwhv duh frqvlvwhqwo| zloolqj wr sd| d
pxowlsoh ri ryhu 6 wlphv pruh iru vwuxfwxuh wkdq duh srru qrq0zklwhv1 Odujhu zklwh idplolhv duh
zloolqj wr sd| pruh iru vwuxfwxuh wkdq vpdoohu zklwh idplolhv1 Iru h{dpsoh/ frpsdulqj w|sh &;
wr w|sh &9/ d srru zklwh krxvhkrog ri 7 zkhuh wkh khdg lv djh 78 lv zloolqj wr sd| ’8843 shu
|hdu iru d grxeolqj ri vwuxfwxuh zkloh li wkh vdph krxvhkrog kdv rqo| shrsoh lw zrxog eh zloolqj
65wr sd| ’553; iru wkh vdph lqfuhdvh lq vwuxfwxuh1 Plggoh fodvv krxvhkrogv duh suhvhqwhg lq
w|shv &<0&491 Shukdsv vxusulvlqjo|/ zloolqjqhvv wr sd| iru vwuxfwxuh grhv qrw ulvh zlwk lqfrph1
Frpsdulqj w|sh &49 wr w|sh &;/ frqwurov iru djh/ udfh dqg krxvhkrog vl}h/ wkh ulfkhu zklwh idplo|
lv dfwxdoo| zloolqj wr sd| ohvv iru vwuxfwxuh wkdq wkh srruhu zklwh idplo| +’7<86 wr ’8843,1 Plggoh
fodvv qrq0zklwh krxvhkrogv duh zloolqj wr sd| pruh iru vwuxfwxuh wkdq srru qrq0zklwh krxvhkrogv
ri htxdo vl}h dqg htxdo djh +frpsduh w|sh &: dqg w|sh &48,1 Lqfuhdvlqj d krxvhkrog*v lqfrph
iurp wkh phgldq ri wkh hpslulfdo glvwulexwlrq wr wkh :8wk shufhqwloh/ lqfuhdvhv erwk zklwh dqg
qrq0zklwh krxvhkrog zloolqjqhvv wr sd| iru vwuxfwxuh exw wkh vorshv duh qrw odujh1 D frpsdulvrq
ri w|shv &49 dqg w|sh &57 vkrzv wkdw lqfuhdvlqj d zklwh irxu shuvrq krxvhkrog*v lqfrph e|
’53/333 lqfuhdvhv dqqxdo zloolqjqhvv wr sd| iru vwuxfwxuh e| ’4:33 dqg li wkdw krxvhkrog zhuh
qrq0zklwh zrxog lqfuhdvhv lwv zloolqjqhvv wr sd| iru vwuxfwxuh e| ’4733 +vhh w|shv &48 dqg w|sh
&56,1
Wkh qh{w froxpq ri Wdeoh Hljkw vkrzv zloolqjqhvv wr sd| wr olyh lq d frppxqlw| zkhuh lwv
shufhqw eodfn kdv grxeohg iurp 46( wr 59( eodfn1 Dv glvfxvvhg deryh/ rxu wkrxjkw h{shulphqw
krogv doo rwkhu orfdo sxeolf jrrgv frqvwdqw dqg wkhvh hvwlpdwhv uh hfw wkh idfw wkdw surgxfw ￿{hg
h￿hfwv kdyh ehhq lqfoxghg lq wkh hvwlpdwlrq1 Qrq0zklwh krxvhkrogv/ dfurvv doo ghprjudsklf
jurxsv/ duh zloolqj wr sd| wr olyh lq d frppxqlw| zlwk pruh eodfn krxvhkrogv1 Wkh plqlpxp
zloolqjqhvv wr sd| +vhh W|sh &4, lv ’96; shu |hdu iru wklv lqfuhdvh zkloh wkh pd{lpxp zloolqjqhvv
wr sd| lv ’4/795 +vhh W|sh &4<,1 Shukdsv vxusulvlqjo|/ zkloh zklwhv duh zloolqj wr sd| ohvv wr
olyh lq frppxqlwlhv zlwk juhdwhu shufhqwdjhv ri eodfnv/ wkh zloolqjqhvv wr sd| dfurvv wkh 45 zklwh
ghprjudsklf jurxsv duh rqo| qhjdwlyh iru 9 dqg wkh prvw qhjdwlyh ydoxh lv rqo| ’076; shu |hdu iru
srru/ zklwh roghu krxvhkrogv zlwk 7 shrsoh lq wkh krxvhkrog1 Qrwh wkdw xqolnh wklv krxvhkrog/
ulfk zklwh |rxqj krxvhkrogv ri rqo| 5 shrsoh duh zloolqj wr sd| wr olyh qhdu eodfnv +vhh w|sh &4;,1
Zh lqwhusuhw wklv ￿qglqj wkdw frqwuroolqj iru orfdo sxeolf jrrgv surylvlrq +vxfk dv fulph dqg
vfkrro txdolw|,/ udfh lq ri lwvhoi kdv d vpdoo srvlwlyh h￿hfw rq dwwudfwlqj eodfn pljudqwv dqg rqo|
d vpdoo h￿hfw rq gh hfwlqj zklwh pljudqwv wr fkrrvh rwkhu surgxfwv1 Zkloh txdolwdwlyho| lq
66dffrug zlwk Fxwohu/ Jodhvhu dqg Yljgru*v ￿ghfhqwudol}hg udflvp￿ k|srwkhvlv/ rxu ￿qglqjv vxjjhvw
wkdw rwkhu idfwruv pd| eh pruh lpsruwdqw lq h{sodlqlqj zklwh2eodfn vhsdudwllrq1
Wkhuh lv vljql￿fdqw khwhurjhqhlw| dfurvv krxvhkrog w|shv zlwk uhvshfw wr zloolqjqhvv wr sd|
wr iru d 46 shufhqwdjh srlqw lqfuhdvh lq rqh*v SXPD shufhqwdjh ri froohjh judgxdwhv1 Kroglqj
rwkhu ghprjudsklfv frqvwdqw/ qrq0zklwhv duh dozd|v zloolqj wr elg pruh wkdq zklwhv iru froohjh
hgxfdwhg uroh prghov1 Odujhu krxvhkrogv duh zloolqj wr elg ohvv wkdq vpdoohu krxvhkrogv iru
pruh froohjh judgxdwhv dqg lq idfw/ odujhu krxvhkrogv riwhq kdyh d qhjdwlyh zloolqjqhvv wr sd|
iru ( froohjh hgxfdwhg1 Zh lqwhusuhw wklv ￿qglqj dv hylghqfh ri d exgjhw frqvwudlqw1 Vpdoohu
krxvhkrogv duh zloolqj wr sd| d frqvlghudeoh dprxqw iru dffhvv wr frppxqlwlhv ￿oohg zlwk froohjh
judgxdwhv1 Erwk |rxqj/ ulfk/ vpdoo plqrulw| dqg zklwh krxvhkrogv duh zloolqj wr sd| ’5/996 shu
|hdu +vhh w|sh &4:, dqg ’5686 shu |hdu +vhh w|sh &4;,/ uhvshfwlyho|1
Xqolnh vrph ri wkh rwkhu dwwulexwhv/ wkh 57 krxvhkrog w|shv h{klelw ohvv yduldwlrq lq zloolqj0
qhvv wr sd| wr rzq1 Qrw vxusulvlqjo|/ wkh nh| ghprjudsklf gulyhu lv krxvhkrog lqfrph1 Srru
krxvhkrogv/ uhjdugohvv ri djh/ udfh ru krxvhkrog vl}h/ gr qrw zdqw wr rzq1 Nhhs lq plqg zkdw
wklv phdqv1 Krxvhkrogv uhfrjql}h wkdw wkh rssruwxqlw| frvw ri uhqwlqj lv rzqlqj zklfk ihdwxuhv d
kljkhu sulfh dqg orzhu frqvxpswlrq ri qrq0pdunhw jrrgv1 Jlyhq rxu vwuxfwxudo hvwlpdwhv ri ehwd
4 dqg sl 4/ zh nqrz wkdw srruhu krxvhkrogv sodfh d juhdwhu ydoxh rq qrq0krxvlqj frqvxpswlrq1
Wkxv dw wkh jlyhq sulfhv ri wkh rzqhu rffxslhg surgxfwv/ srru krxvhkrogv gr qrw zdqw wr sxufkdvh
wkhvh surgxfwv1 Dprqj plggoh fodvv krxvhkrogv/ |rxqj/ vpdoo idplolhv duh qrw zloolqj wr sd| wr
rzq1 Iru wkhvh krxvhkrogv/ Zklwhv duh zloolqj wr sd| pruh wr rzq wkdq qrq0zklwhv1 Wklv pd|
uh hfw shupdqhqw lqfrph gl￿huhqwldov dfurvv udfhv1 Wkh zloolqjqhvv wr sd| iru wkh rssruwxqlw| wr
rzq lv txlwh orz hyhq iru plggoh fodvv odujh krxvhkrogv1 Qrwh wkdw krxvhkrog w|sh &49 lv zloolqj
wr sd| ’4/775 shu |hdu wr rzq1 Ulfk zklwh krxvhkrogv duh zloolqj wr sd| ryhu 7 wlphv pruh
wkdq ulfk qrq0zklwh krxvhkrogv wr rzq +’699< wr ’;59, lq frpsdulqj w|shv &57 wr w|sh &561
Zh uhfrjql}h wkdw rzqhuvkls lv d ixqfwlrq ri krxvhkrog h{shfwhg lqfrph vwuhdp dqg krxvhkrog
67dvvhw dffxpxodwlrq1 Lw lv zhoo nqrzq wkdw zklwhv kdyh kljkhu dvvhwv wkdq qrq0zklwhv dqg wklv pd|
h{sodlq wkh vwdwlf ￿suhihuhqfh￿ gl￿huhqwldo1
Frppxwlqj lv wkh ￿qdo dwwulexwh wkdw zh phdvxuh yduldwlrq lq zloolqj wr sd| iru1 Wkh wkrxjkw
h{shulphqw lv wr vhh krz pxfk gl￿huhqw krxvhkrogv zrxog eh zloolqj wr sd| wr dyrlg d grxeolqj
ri wkhlu gdlo| frppxwh1 Glylglqj wkhvh qxpehuv e| 549 krxuv surylghv d phdvxuh ri krz
gl￿huhqw ghprjudsklf jurxsv ydoxh wkhlu wlph1 Dfurvv wkh 57 jurxsv/ wkh phgldq lv ’4814 shu
krxu/ dqg wkh 43wk shufhqwloh ri wkh ydoxh ri wlph glvwulexwlrq lv 0’81:7 dqg wkh <3wk shufhqwloh
lv ’0591<;/ zlwk d phdq ri ’0491751 Wkhvh vxppdu| vwdwlvwlfv duh lqwxlwlyho| sodxvleoh dqg
wkh yduldwlrq lv uhdvrqdeoh1 Wkxv rxu h{sodqdwlrq iru revhuyhg zdvwhixo frppxwlqj lv vlpsoh1
Khwhurjhqhrxv krxvhkrogv ydoxh khwhurjhqrxv vwuxfwxuhv gl￿huhqwldoo|1 Zkloh wkh| duh zloolqj wr
sd| qrw wr frppxwh/ suhihuhg krphv duh riwhq qrw orfdwhg qh{w wr wkh krxvhkrog*v sodfh ri zrun1
Krxvhkrogv uhyhdo wudghr￿v wkdw dsshdu txlwh uhdvrqdeoh1 Rqo| lq d zruog zlwk krprjhqrxv
suhihuhqfhv dqg d krprjhqrxv krxvlqj vwrfn/ zrxog zh eh vxusulvhg li zh revhuyhg krxvhkrogv
qrw olylqj dv forvh dv srvvleoh wr wkhlu mrev1 Lq wklv sdshu zh kdyh grfxphqwhg wkh h{whqw wkh
srsxodwlrq khwhurjhqhlw| zlwk uhvshfw wr krxvlqj dwwulexwhv1
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Lq rxu 4<<3 Sklodghskld pljudqw vdpsoh/ 93( ri zklwhv dqg 63( ri qrq0zklwhv olyh lq wkh vxexuev1
Olylqj lq wkh vxexuev lv d qrupdo jrrg +Pdujr 4<<5,1 Frqwuroolqj iru lqfrph dqg krxvhkrog
vl}h/ d zklwh pljudqw krxvhkrog kdv d 66 shufhqwdjh srlqw kljkhu surshqvlw| wr olyh lq wkh vxexuev
wkdq d eodfn krxvhkrog dqg d 5; shufhqwdjh srlqw kljkhu suredelolw| ri zrunlqj lq wkh vxexuev1
Qrq0zklwh krxvhkrogv duh wzlfh dv olnho| dv zklwh krxvhkrogv wr zrun lq wkh fhqwhu flw| +vhh Wdeoh
Vhyhq,1 Frqglwlrqdo rq zrunlqj lq wkh fhqwhu flw|/ frppxwh plqlpl}huv zloo vhdufk iru d krxvlqj
68vwuxfwxuh lq wkh fhqwhu flw|1 Jlyhq wkdw eodfnv kdyh d voljkw suhihuhqfh iru olylqj zlwk rwkhu eodfnv
wklv uh0hqirufhv wkh surfhvv1 Eodfnv olyh lq wkh fhqwhu flw| ehfdxvh wkh| duh frppxwh plqlpl}huv
zkr zrun lq wkh fhqwhu flw| dqg duh zloolqj wr sd| d voljkw elw wr olyh qhdu rwkhu eodfnv1
Wklv h{sodqdwlrq grhv qrw h{sodlq zk| eodfnv duh wzlfh dv olnho| wr zrun lq wkh fhqwhu flw|
wkdq zklwhv1 Zh kdyh lpsolflwo| dvvxphg lq wklv dqdo|vlv wkdw krxvhkrogv kdyh irxqg d mre dqg
wkhq vhdufk iru d krxvlqj xqlw frqglwlrqdo rq zkhuh wkh| zrun1 Vsdwldo plvpdwfk wkhrulvwv +vhh
Ndlq 4<<5, pljkw k|srwkhvl}h wkdw zh kdyh uhyhuvhg wkh wuxh surfhvv1 Gxh wr udfldo vhjuhjdwlrq/
plqrulw| krxvhkrogv vhdufk iru wkh ehvw krxvlqj xqlw zlwklq d suhgh￿qhg vhw ri lqqhu flw| jkhwwr
duhdv dqg wkhq xsrq ￿qglqj d krxvlqj xqlw fkrrvh d frppxwh plqlpl}lqj mre1 Vlqfh wkh| duh
irufhg wr olyh lq wkh fhqwhu flw|/ frppxwh plqlpl}huv zkr pd| dovr qrw nqrz derxw vxexuedq mrev
ru eh deoh wr dffhvv wkhp/ vhwwoh rq wdnlqj d pruh dffhvvleoh fhqwhu flw| mre1 Lw lv lpsruwdqw wr
qrwh wkdw zh duh vwxg|lqj d vdpsoh ri uhfhqw pljudqwv zkr whqg wr eh |rxqjhu/ dqg d pdmrulw|
ri wkhvh plqrulw| krxvhkrogv gr rzq dw ohdvw rqh yhklfoh1 Lq 4<<3 Sklodghoskld wkhuh duh d odujh
qxpehu ri plggoh fodvv dqg ulfk eodfnv zkr kdyh juhdwhu fkrlfh dfurvv wkh surgxfwv wkdq wkh
srruhu krxvhkrogv ru plggoh fodvv plqrulw| krxvhkrogv lq hduolhu ghfdghv1 Lq wklv sdshu/ zh kdyh
dvvxphg wkdw plqrulwlhv idfh wkh vdph frqvwudlqwv dv zklwhv +qdpho| wkh exgjhw frqvwudlqw wkdw
krxvhkrogv fdqqrw sxufkdvh surgxfwv zkrvh sulfh lv juhdwhu wkdq 83( ri wkhlu lqfrph,1
Zh qrz frqgxfw wzr frxqwhuidfwxdo h{shulphqwv wr jdlq vrph ixuwkhu lqvljkw lqwr zk| qrq0
zklwhv gr qrw olyh lq wkh vxexuev1 Dffruglqj wr rxu vwuxfwxudo prgho/ lw lv xwlolw| pd{lpl}lqj
iru 9:139 shufhqw ri qrq0zklwhv wr olyh lq wkh flw|1 Rqh srvvleoh h{sodqdwlrq iru zk| wklv lv wuxh
lv wkdw lw lv vlpso| wrr h{shqvlyh iru qrq0zklwhv wr d￿rug krphv lq wkh flw|1 Wr whvw wklv/ ohw*v
uhsodfh wkh lqfrph ri doo qrq0zklwhv lq wkh gdwd vhw zlwk wkh vdpsoh phgldq lqfrph ri 7;/794
grooduv1 Zlwk wklv uhsodfhphqw ri lqfrph/ qrz 9:1<8 shufhqw ri qrq0zklwhv fkrrvh wr olyh lq
wkh flw|/ dq lqfuhdvh1 Li lqfrph lv lqfuhdvhg wr 93/333 wkh sursruwlrq ri qrq0zklwhv zkr olyh lq
wkh flw| lv 971<; shufhqw dqg li wkh lqfuhdvh lq lqfrph lv wr <3/333 grooduv wkhq 8<138 shufhqw
ri qrq0zklwhv zloo olyh lq wkh flw|1 Fohduo|/ wkh hvwlpdwhv iurp rxu vwuxfwxuh prgho lpso| wkdw
69lw wdnhv dq lqfuhdvhv lq lqfrph wr <3/333 grooduv wr pryh d phuh vhyhq shufhqw ri qrq0zklwhv
iurp wkh flw| wr wkh vxexuev kroglqj doo hovh ￿{hg1 Dffruglqj wr wkh sdudphwhu hvwlpdwhv ri lq
rxu prgho/ lqfrph dorqh fdqqrw h{sodlq zk| qrq0zklwhv duh ryhuuhsuhvhqwhg lq wkh fhqwhu flw|
uhodwlyh wr wkh vxexuev1
D vhfrqg k|srwkhvlv derxw zk| qrq0zklwhv olyh lq wkh fhqwhu flw| lv wkdw wkh| glvsursruwlrqdwho|
zrun lq wkh fhqwhu flw|1 Zh qrz uxq d frxqwhuidfwxdo h{shulphqw zkhuh zh uhsodfh doo qrq0zklwhv
sodfh ri zrun wr wkh SRZSXPD wkdw lv iduwkhvw iurp wkh fhqwhu flw| dqg frpsxwh wkh xwlolw|
pd{lpl}lqj fkrlfh iru hdfk krxvhkrog dqg nhhs doo rwkhu ghprjudsklf yduldeohv wkh vdph1 Lq
wklv h{shulphqw/ 7<1;8 shufhqw ri qrq0zklwh krxvhkrogv fkrrvh wr olyh lq wkh flw|/ d qhduo| wzhqw|
shufhqw ghfuhdvh1 Rxu prgho vhhpv wr lqglfdwh wkdw vhjuhjdwlrq lq wkh flw| lv ghhso| wlhg wr
wkh sodfh ri zrun udwkhu wkdq lqfrph1 Odujh fkdqjhv lq lqfrph gr qrw uhvxow lq d pljudwlrq ri
qrq0zklwhv iurp wkh fhqwhu flw| exw d fkdqjh lq sodfh ri zrun zloo lqfhqw qrq0zklwhv wr fkdqjh
orfdwlrq1
815 Krz Pxfk Gr Krxvhkrogv Ydoxh FulphB
Wkh vwuxfwxudo prgho |lhogv 5:5 hvwlpdwhv ri wkh surgxfw xqrevhuyhg dwwulexwhv1 Dv glvfxvvhg
lq Qhyr +4<<;,/ wkhvh hvwlpdwhv frqwdlq ydoxdeoh lqirupdwlrq zklfk zh xvh lq d ￿vhfrqg vwdjh￿
ROV uhjuhvvlrq1 Wr surylgh vrph lqwxlwlrq/ frqvlghu d vlpsoh h{dpsoh iurp oderu hfrqrplfv1
Vxssrvh wkdw d uhvhdufkhu hvwlpdwhg d vwdqgdug zdjh uhjuhvvlrq zkhuh wkh ghshqghqw yduldeoh lv
d shuvrq*v zdjh dqg h{sodqdwru| yduldeohv lqfoxgh wkh shuvrq*v djh/ hgxfdwlrq dqg rffxsdwlrq1
Vxssrvh wkdw wkh uhvhdufkhu nqhz zkdw vwdwh hdfk shuvrq olyhv lq1 Lq wklv fdvh/ wkh uhvhdufkhu
fdq lqfoxgh vwdwh ￿{hg h￿hfwv lq rughu wr jhw d ￿fohdq￿ hvwlpdwh ri wkh uhwxuqv wr ehlqj lq dq|
jlyhq rffxsdwlrq1 Wklv dssurdfk |lhogv 83 vwdwh ￿{hg h￿hfwv zklfk fdq eh xvhg lq d vhfrqg vwdjh
uhjuhvvlrq1 Lq wklv vhfrqg vwdjh uhjuhvvlrq +zklfk zrxog kdyh 83 revhuydwlrqv,/ wkh uhvhdufkhu
zrxog ￿w d vwdwh*v zdjh ￿{hg h￿hfw dv d ixqfwlrq ri vwdwh dwwulexwhv1 Iru h{dpsoh/ vwdwhv zlwk
kljk wd{hv pd| kdyh wr sd| kljkhu zdjhv dv d frpshqvdwlqj gl￿huhqwldo ru vwdwhv zlwk jrrg
folpdwh duh olnho| wr sd| orzhu zdjhv iru wkh vdph mre +J|rxunr dqg Wudf| 4<<4/ Uredfn 4<;5,1
6:Xvlqj wkh ;; ￿{hg h￿hfwv iurp wkh fhqwhu flw| SXPDv +44 SXPDv dqg ; surgxfwv shu SXPD,/
zh iroorz wkh h{dfw vdph dssurdfk1 Lq rxu fdvh/ zh duh lqwhuhvwhg lq zkhwkhu gl￿huhqfhv dfurvv
wkh 44 SXPDv fdq h{sodlq wkh yduldwlrq lq wkh ￿{hg h￿hfwv1 Xs wr wklv srlqw zh kdyh rqo|
xvhg 4<<3 Fhqvxv ri Srsxodwlrq dqg Krxvlqj plfur gdwd/ exw dq| orfdwlrq vshfl￿f gdwd fdq
eh xvhg lq wklv vhfrqg vwdjh dv orqj dv lw fdq eh phujhg wr wkh SXPD gdwd1 Lq d vhsdudwh
vwxg|/ Fxpplqjv/ GlSdvtxdoh dqg Ndkq +5333, kdyh froohfwhg gdwd rq pxughuv shu0fdslwd lq
Sklodghoskld lq wkh plg04<<3v e| fhqvxv wudfw1 Diwhu jhrfrglqj wkh vwuhhw dgguhvv ri hdfk
pxughu/ wkh| orfdwhg lq zklfk fhqvxv wudfw wkh pxughu wrrn sodfh1< Zh djjuhjdwh wklv fhqvxv
wudfw gdwd xs wr wkh SXPD ohyho dqg xvh wklv yduldeoh dv d ￿vhfrqg vwdjh￿ uhjuhvvru1 D vhfrqg
h{sodqdwru uhjuhvvru lv wkh SXPD*v vkduh ri rzqhu rffxslhg krxvlqj1 Dv glvfxvvhg e| GlSdvtxdoh
dqg Jodhvhu +4<<<, dqg Juhhq dqg Zklwh +4<<8,/ wkhuh lv vrph hpslulfdo hylghqfh ri wkh orfdo
ehqh￿wv ri olylqj lq d frppxqlw| zlwk pruh krph rzqhuv ehfdxvh wkh| kdyh d juhdwhu vwdnh lq
wkh khdowk ri wkh frppxqlw| dqg duh pruh olnho| wr kdyh ￿sodqwhg urrwv￿ lq wkh frppxqlw|1 D
wklug yduldeoh lqfoxghg lq wkh vhfrqg vwdjh uhjuhvvlrq lv d SXPD*v glvwdqfh +phdvxuhg lq plohv,
wr wkh Sklodghoskld Flw|kdoo1 Sur{lplw| wr wkh fhqwhu flw| dqg lwv dphqlwlhv duh fxowxuh duh olnho|
wr eh dq dphqlw|1 Zh kdyh dovr wulhg wr lqfoxgh d phdvxuh ri orfdo vfkrro txdolw| dfurvv wkh
fhqwhu flw| SXPDv1 Zh irxqg wkdw wklv yduldeoh zdv kljko| qhjdwlyho| fruuhodwhg zlwk wkh pxughu
udwh1
Wdeoh Qlqh uhsruwv wzr vhfrqg vwdjh uhjuhvvlrqv1 Zh irfxv rq wkh ohiw froxpq*v uhvxowv zklfk
lqfoxghv ;: revhuydwlrqv edvhg rq wkh ;; surgxfwv lq wkh fhqwhu flw|1 Rqh rxwolhu lv gulylqj wkh
uhvxowv1 Lq wkh uljkw froxpq zh uhsruw wkh hvwlpdwhv edvhg rq wkh ;; revhuydwlrqv exw zh irfxv
rq wkh uhvxowv zklfk gurs wklv rxwolhu zklfk duh suhvhqwhg lq wkh ohiw froxpqv1 Wkh ￿uvw srlqw
lv wkdw SXPDv zlwk kljkhu pxughu udwhv kdyh d orzhu surgxfw ￿{hg h￿hfw/ zkloh SXPDv zlwk
kljkhu rzqhuvkls udwhv dqg juhdwhu sur{lplw| wr Flw|kdoo kdyh kljkhu surgxfw ￿{hg h￿hfw ydoxhv1
Wkh ghshqghqw yduldeoh*v xqlwv duh phdvxuhg lq xwlolw| +vhh wkh xwlolw| ixqfwlrq lq htxdwlrq 714,/
b Vlqfh wkh| rqo| froohfwhg gdwd rq pxughu udwhv zlwklq wkh fhqwhu flw|*v 44 SXPDv/ zh vhw wkh pxughu udwh htxdo
wr }hur lq wkh vxexuev1 Lq uhvxowv wkdw duh dydlodeoh rq uhtxhvw/ zh kdyh hvwlpdwhg wklv vhfrqg
vwdjh uhjuhvvlrqv rqo| iru wkh ;; fhqwhu flw| surgxfwv dqg frqwlqxh wr ￿qg txdolwdwlyho| vlplodu uhvxowv1
6;wkxv zh fdofxodwh zloolqjqhvv wr sd| iru fkdqjhv lq pxughu h{srvxuh dqg SXPD rzqhuvkls1 Wr
mxgjh wkh hfrqrplf pdjqlwxgh ri wkh ROV hvwlpdwhv h￿hfw/ zh uhwxuq wr rxu vwuxfwxudo hvwlpdwhv
lq sduwlfxodu sl540sl581 Wkhvh duh wkh ghprjudsklf lqwhudfwlrqv zklfk whoo xv krz gl￿huhqw
ghprjudsklf jurxsv ydoxh d fkdqjh lq wkh xqrevhuyhg surgxfw ￿{hg h￿hfw1 Rxu vhfrqg vwdjh
uhjuhvvlrq doorzv xv wr dvn> li wkh pxughu udwh uhgxfhv wkh surgxfw ￿{hg h￿hfw/ dqg li wkh ulfk
ydoxh d kljk surgxfw ￿{hg h￿hfw/ wkhq krz pxfk duh wkh ulfk zloolqj wr sd| wr dyrlg d kljkhu
pxughu frppxqlw|B
Uhgxfhg irup pljudwlrq uhjuhvvlrqv ri rxw0pljudwlrq uhjuhvvhg rq fhqwhu flw| fulph |lhog d
odujh hvwlpdwh ri  ljkw +Ehuu| Fxoohq dqg Ohylww 4<<<,1 Zkloh uhvhdufkhuv kdyh hvwlpdwhg kh0
grqlf uhjuhvvlrqv ri uhqwv rq orfdo fulph ohyhov/ prvw ulvn fdslwdol}dwlrq vwxglhv kdyh irfxvhg
rq oderu pdunhw ydoxdwlrq ri ulvn1 Ylvfxvl*v +4<<6, frpsuhkhqvlyh uhylhz prvwo| ri oderu frp0
shqvdwlqj gl￿huhqwldov iru ulvn hvwlpdwhv d ydoxh ri olih ri ’8 ploolrq1 Wklv hvwlpdwh lv edvhg rq
khgrqlf hduqlqjv uhjuhvvlrqv1 Wkhuh kdv ehhq frqfhuq wkdw oderu pdunhw hvwlpdwhv xqghu0hvwlpdwh
wkh frpshqvdwlqj gl￿huhqwldo iru ulvn h{srvxuh ehfdxvh vdihw| lv d qrupdo jrrg +Jduhq 4<;;,1
Krxvlqj pdunhw pd| eh d ehwwhu pdunhw iru phdvxulqj ydoxh ri olih wkdq wkh oderu pdunhw1
Wdeoh Whq uhsruwv rxu hvwlpdwhv ri krz wkh 57 ghprjudsklf jurxsv ydoxh dyrlglqj kljk pxughu
frppxqlwlhv dqg olylqj lq frppxqlwlhv zlwk juhdwhu ohyhov ri ￿vwdnhkroghuv￿1 Wkh wkrxjkw
h{shulphqw lv wr phdvxuh krz pxfk d krxvhkrog lv zloolqj wr sd| wr dyrlg h{srvxuh wr d SXPD
zlwk 6 shu 43/333 shrsoh zhuh nloohg lq 4<<7 dqg 4<<8 rq dyhudjh yhuvxv lq d SXPD zlwk qr
pxughu1 Zkloh doo ghprjudsklf jurxsv duh zloolqj wr sd| wr dyrlg wklv fkdqfh wr eh pxughuhg/
zklwhv duh zloolqj wr sd| pruh wkdq qrq0zklwhv/ odujhu idplolhv duh zloolqj wr sd| pruh wkdq vpdoohu
idplolhv dqg wkh ulfk duh zloolqj wr sd| pruh wkdq wkh srru1 D srru eodfn/ |rxqj/ vpdoo idplo|
+w|sh &4, pxvw eh sdlg ’4/6<8 shu |hdu wr dyrlg wklv ulvn1 Glylglqj ’4/6<8 e| 13336 |lhogv d
ydoxh ri olih iru wkh krxvhkrog ri ’516 ploolrq +suh0wd{, grooduv1 Ulfk zklwh/ odujh krxvhkrogv
zkhuh wkh khdg lv djh 78 +vhh w|sh &57, duh zloolqj wr sd| ryhu ’;433 wr dyrlg wklv ulvn shu |hdu
dqg wklv wudqvodwhv lqwr d uhyhdohg ydoxh ri olih ri ’:16 ploolrq grooduv shu shuvrq1 Wkhvh odujh exw
6<sodxvleoh hvwlpdwhv vxjjhvw wkdw d shupdqhqw ghfolqh lq fhqwhu flw| fulph zloo kdyh d odujh h￿hfw
rq dwwudfwlqj krxvhkrogv wr frppxqlwlhv zklfk wkh| zrxog qrw kdyh frqvlghuhg lq wkh sdvw1
9 Frqfoxvlrq
Wklv sdshu kdv vkrzq krz khgrqlf dqg glvfuhwh fkrlfh whfkqltxhv fdq eh xvhg lq wdqghp wr
hvwlpdwh ghpdqg sdudphwhuv iru rzqhuvkls/ vwuxfwxuh/ frppxqlw| dqg frppxwlqj1 Plfur fhqvxv
gdwd doorzv xv wr hvwlpdwh d ulfk ghpdqg v|vwhp grfxphqwlqj wkh srsxodwlrq khwhurjhqhlw| lq
ghpdqg iru wkhvh dwwwulexwhv1 Khgrqlf hvwlpdwlrq zdv qhhghg wr uhgxfh wkh glphqvlrqdolw| ri wkh
surgxfw vsdfh1 Hyhq lq d vlqjoh phwhursrolwdq duhd wkhuh duh ploolrqv ri krphv1 Wr vkulqn wklv
vhw grzq wr d frpsxwdwlrqdoo| ihdvleoh vhw ri ￿surgxfwv￿/ zh hvwlpdwhg vwdqgdug khgrqlf krph
sulfh uhjuhvvlrqv1 Krph sulfhv zhuh ghfrpsrvhg lqwr wkdw sduw gxh wr vwuxfwxudo dwwulexwhv dqg
wkdw sduw gxh wr frppxqlw| fdslwdol}dwlrq1 Xvlqj wkh vwuxfwxudo dwwulexwh sulfh hvwlpdwhv dqg
nqrzlqj zklfk frppxqlw| hdfk krxvlqj xqlw lv orfdwhg lq/ zh sduwlwlrqhg doo krxvlqj xqlwv lqwr
idoolqj lqwr 5:5 pxwxdoo| h{foxvlyh dqg h{kdxvwlyh fdwhjrulhv1 Zlwkrxw khgrqlf phwkrgv/ zh frxog
qrw djjuhjdwh ￿olnh￿ krphv lqwr wkh vdph elqv1 Diwhu frqvwuxfwlqj wkh 5:5 Sklodghoskld surgxfwv/
zh hvwlpdwhg glvfuhwh fkrlfh prgho zklfk gl￿huv iurp pruh vwdqgdug dssurdfkhv1 Surgxfw ￿{hg
h￿hfwv dorqj zlwk ghprjudsklf lqwhudfwlrqv zhuh lqfoxghg1
Wkh hvwlpdwhg frh!flhqwv zhuh xvhg wr surylgh qhz lqvljkwv lqwr krz krxvhkrogv wudghr￿
ydulrxv krxvlqj dwwulexwhv1 Zkloh rxu vwxg| ihdwxuhv pdq| qhz ￿qglqjv frqfhuqlqj zloolqjqhvv
wr sd| iru krxvlqj/ zh eholhyh wkdw wkh pdmru lqvljkwv ri rxu sdshu frqfhuq eodfn vxexuedql}dwlrq
surshqvlwlhv/ krxvhkrog zloolqjqhvv wr sd| wr dyrlg ulvn dqg uhvroylqj wkh ￿zdvwhixo frppxwlqj￿
sdudgr{1
Wklv uhvhdufk fdq eh h{whqghg lq d qxpehu ri gluhfwlrqv1 Wklv sdshu kdv irfxvhg vroho| rq
phdvxulqj zloolqjqhvv wr sd| iru vwuxfwxuh/ frppxqlw|/ whqxuh dqg frppxwlqj zlwkrxw dqdo|}0
lqj krz surgxfw fkrlfh d￿hfwv wkh surgxfwv wkhpvhoyhv1 Krxvhkrog orfdwlrqdo fkrlfh fkdqjhv
frppxqlwlhv li wkh pdujlqdo hqwudqw gl￿huv iurp wkh frppxqlw| dyhudjh1 Rxu dssurdfk r￿huv
73wkh rssruwxqlw| wr uhwxuq wr Vfkhoolqj*v txhvwlrq rq krz dqg zkhq frppxqlwlhv ￿wls￿1 Ixwxuh
uhvhdufk frxog hpehg rxu vwuxfwxudo prgho ri krxvlqj fkrlfh dqg frppxqlw| lqwr d ￿Vfkhoolqj￿
wlsslqj prgho ri frppxqlw| irupdwlrq dqg udfldo frpsrvlwlrq1 Iru h{dpsoh/ li d frppxqlw|
ihdwxuhv d kljk shufhqwdjh ri eodfn krxvhkrogv dqg d kljk shufhqwdjh ri froohjh judgxdwhv dqg
lw lv forvh wr d pdmru hpsor|phqw fhqwhu/ zloo wkh w|slfdo zklwh krxvhkrog eh zloolqj wr sd| wr
olyh wkhuh ru eh zloolqj wr sd| qrw wr olyh wkhuhB Rxu dssurdfk |lhogv wkh qhfhvvdu| sdudphwhuv
wr suhglfw zkhwkhu wkhuh zrxog eh ￿zklwh  ljkw￿ iurp vxfk d frppxqlw| dqg zkhwkhu d eodfn
krxvhkrog zrxog eh prvw olnho| wr zlq wkh elgglqj wr uhsodfh wklv krxvhkrog1 Lq d pruh uh0
dolvwlf zruog ihdwxulqj d khwhurjhqhrxv krxvlqj vwrfn dqg hpsor|phqw orfdwlrqv/ rxu vwuxfwxudo
sdudphwhuv duh fuxfldo sdudphwhuv iru ghwhuplqlqj frppxqlw| udfldo vwdelolw|1
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^76‘ Uxvw/ Mrkq1
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^78‘ Ylvfxvl/ Nls1 ￿Ydoxh ri Olih￿ Mrxuqdo ri Hfrqrplf Olwhudwxuh 4<<61
^79‘ Zkhdwrq/ Zlooldp1 Lqfrph dqg Xuedq Uhvlghqfh= Dq Dqdo|vlv ri Frqvxphu Ghpdqg
iru Orfdwlrq1 Dphulfdq Hfrqrplf Uhylhz>9:+7,/ Vhsw1 4<::/ sdjhv 9530641
77Table One
Summary Statistics for the 1990 Philadelphia Sample
all heads of households all households who have switched homes
in the last 5 years
Variable Mean Std. Dev. Mean Std. Dev.
Annual home price 8804.205 6230.252 10267.160 6590.392
Annual rent 5303.591 2371.698 5721.597 2301.919
migrant in last 5 years 0.371 0.483 1.000 0.000
persons 2.645 1.505 2.599 1.484
female 0.365 0.482 0.363 0.481
married 0.537 0.499 0.494 0.500
black 0.181 0.385 0.165 0.371
Hispanic 0.025 0.155 0.038 0.190
owner 0.700 0.458 0.486 0.500
household income 4.184 3.715 4.136 3.559
age 50.090 17.350 39.711 15.058
kids present 0.346 0.476 0.412 0.492
central city 0.356 0.479 0.326 0.469
one way commute 25.801 16.910 25.930 16.918




21.235 15.188 21.041 14.955
one way commute
conditional on not live
near job
32.162 17.131 32.234 17.215
Observations 65333 23769
In this table, “migrant in the last 5 years”, “female”, “married”, “black”, “Hispanic”, “owner”, “kids present”,




Less than $25000 greater than $25000
less than $50000
greater than $50000
live in center city 0.490 0.290 0.168
rooms 4.155 5.263 6.707














observations 7442 8721 7606
PUMAs are Census defined geographical units. There are 34 PUMAs within the Philadelphia    metropolitan
rea.
79Table Three
Descriptive Regressions for Migrants
Dependent variable














Coef. Coef. Coef. Coef. Coef. Coef. Coef.
 persons 0.031 0.165 0.005 -0.012 0.004 253.935 36.010
 female -0.022 -0.164 0.040 -0.000 0.003 -325.597 5.311
 married 0.227 1.816 -0.064 -0.011 -0.030 1114.780 205.421
 black -0.120 5.846 0.076 -0.036 0.253 -4502.979 -1436.543
 Hispanic -0.126 -0.546 0.112 -0.067 0.084 -3926.164 -1079.734
Income
$10,000)
0.036 0.238 -0.014 0.009 -0.006 854.960 423.309
age 0.003 0.004 0.000 -0.000 -0.000 49.257 2.230
 constant 0.041 22.515 0.614 0.335 0.137 2586.913 4692.647
 observations 23769 18215 18215 23769 23769 12934 10835
 R2 .24 .02 .03 .11 .32 .42 .30
 The omitted category is a male, single, white household head.  Race, sex, and marital status are dummy
ariables.       Only OLS coefficients are reported.  Migrants are household who switched homes in the last five
ears.
7:Table Four









    annual housing expenditure for
    owners
5317.897 11791.100
    annual housing expenditure for
    renters
5002.422 6224.812
    % of PUMA who are college
    graduates
0.243 0.297 0.340 0.322
    % of PUMA who are black 0.271 0.322 0.066 0.080
    persons in household 2.868 2.288 2.986 2.240
    female head of household 0.361 0.531 0.208 0.436
    married 0.546 0.242 0.740 0.347
    black 0.267 0.359 0.046 0.136
    Hispanic 0.059 0.066 0.013 0.039
    household income ($10,000s) 4.023 2.250 6.039 3.156
    age of head of household 42.024 37.939 40.529 39.069
    children under age 18 0.452 0.337 0.516 0.322
    one way travel time to work 27.553 26.971 27.215 22.950
    % of households who do not own a vehicle 0.209 0.509 0.019 0.158




Coef. Std. Err. Coef. Std. Err.
  single unit attached -3062.921 249.706 -687.003 130.537
  2 units -36.555 285.632 -187.480 117.251
  3-4 units 218.622 475.030 -140.375 115.038
  5-9 units -2951.519 543.845 241.997 121.952
  10-19 -2677.025 382.486 381.499 129.933
  20-49 -1403.825 758.418 607.777 150.081
  50+ units 15.775 921.130 1251.810 257.715
  Moved in 1985-88 -30.874 82.283 -475.027 54.688
  Moved in 1980-84 -290.686 93.929 -1131.072 100.166
  Moved in 1970-79 138.414 98.107 -1284.145 146.728
 Moved in 1960-69 -260.651 113.992 -1498.423 195.751
  Moved in pre-1959 246.884 130.012 -1555.743 133.882
  Built in 1960-1980 -4888.475 370.134 -231.926 160.485
  Built pre-1960 -6629.833 373.865 -655.332 210.605
 
  rooms 395.923 57.290 374.495 50.667
  bedrooms 481.286 128.671 245.342 77.617
 complete kitchen 473.688 330.742 276.388 199.992
 modern fuel -328.213 217.039 269.674 56.400
  central city 738.142 284.411 -400.017 193.173
  PUMA % college 12694.410 1463.296 5249.073 650.457
  PUMA % black -4501.678 584.435 -1610.001 631.691
  maintenance index 1.501 0.147
  constant 2952.964 933.545 2637.300 358.955
  observations/R2 51879 .59 17545 .36
  Levels specification where the dependent variable is annual housing expenditure as a function of structure attributes and community
ttributes.       The omitted category is a single detached unit built after 1980 in the suburbs.
7<Table Six
Philadelphia Commuting Times By Place of Work






  2600 17.64372 35.3329 58.22554
  2700 17.04254 38.89571 60
  2800 16.47355 34.39015 54.48186
  2900 17.93318 42.64948 72.70718
  3000 17.29977 36.82274 61.80488
  4500 6 29.59877 60
  4600 14.55909 31.88525 76.11111
  4700 5 36.00167 69.16666
  4800 15.31415 34.41718 72.1875
  4900 10 25 50
  5000 5 25.06744 60
  5100 14.77263 32.83773 68.61111
  5200 12.76013 31.2 60
  5300 5 32.82803 90
   The Census data identifies 14 place of work PUMAs (POWPUMAs) and 34 residential             PUMAs.  For
ach POWPUMA, we calculate the average commute time to that
   POWPUMA from each of the 34 residental PUMAs.   In each row of this Table, we report
   the minimum, median, and maximum one way average commute time (in minutes) to each         POWPUMA.
or example, for workers who work in POWPUMA 2900, there is no
   PUMA with an average commute time less than 17.93 minutes to work.
83Table Seven




city                 0          1 |     Total
-----------+----------------------+----------
      0 |    270967      62339 |    333306
         1 |     24762     103362 |    128124
-----------+----------------------+----------
     Total |    295729     165701 |    461430
 White  Migrants
                     Work in City
Live in
city            0          1 |     Total
-----------+----------------------+----------
         0 |    240892      52606 |    293498
         1 |     17051      63331 |     80382
-----------+----------------------+----------




city            0          1 |     Total
-----------+----------------------+----------
         0 |     18491       6611 |     25102
         1 |      5867      30914 |     36781
-----------+----------------------+----------
     Total |     24358      37525 |     61883
84Table Eight
Philadelphia Migrant Willingness To Pay by Demographic Group
Demographic Group Willingness to Pay in $ per year for a doubling  of;
















1 0 2 30 18700 13200 656.781 638.468 1022.85 -1736.93 -897.625
2 1 2 30 18700 13200 1926.56 15.0889 951.91 -1582.21 -1371.31
3 0 4 30 18700 13200 982.006 831.751 12.4123 -1727.03 -1240.61
4 1 4 30 18700 13200 3807.41 -107.278 -1042.62 -1435.66 -2371.83
5 0 2 45 18700 13200 653.335 640.181 908.112 -1752.08 -1008.3
6 1 2 45 18700 13200 2208.33 -112.666 745.889 -1574.45 -1647.33
7 0 4 45 18700 13200 1039.29 871.277 -325.933 -1747.55 -1462.34
8 1 4 45 18700 13200 5510.44 -438.156 -2237.71 -1348.86 -3334.85
9 0 2 30 34253 27562 1627.82 951.455 1756.12 -1394.07 -2441.64
10 1 2 30 34253 27562 3196.96 101.6409 1554.98 -443.033 -3165.63
11 0 4 30 34253 27562 2092.98 1095.64 420.599 -820.555 -2988.7
12 1 4 30 34253 27562 4456.94 17.6774 -375.611 744.797 -4149.66
13 0 2 45 34253 27562 1644.39 922.482 1573.04 -1223.38 -2632.99
14 1 2 45 34253 27562 3400.48 -29.1975 1287.61 -94.9541 -3494.71
15 0 4 45 34253 27562 2163.08 1073.91 65.9153 -539.339 -3280.38
16 1 4 45 34253 27562 4953.02 -176.304 -1005.24 1442.65 -4733.21
17 0 2 30 54000 45756 2875.09 1326.25 2663.34 -722.961 -4427.34
18 1 2 30 54000 45756 4875.41 206.114 2353.4 902.268 -5414.73
19 0 4 30 54000 45756 3498.53 1462.23 923.182 330.013 -5183.9
20 1 4 30 54000 45756 6206.03 117.763 59.8199 2720.06 -6590.35
21 0 2 45 54000 45756 2908.09 1272.16 2408.67 -385.728 -4699.65
22 1 2 45 54000 45756 5085.67 49.5932 2010.48 1478.44 -5827.49
23 0 4 45 54000 45756 3587.29 1407.93 498.103 826.505 -5561.05
24 1 4 45 54000 45756 6617.33 -87.8594 -578.37 3668.71 -7211.55
Based on the structural estimates presented in the paper, we simulate willingness to pay for the 5 attributes for 24 people. Income is based on
the 25
th, median and 75
th percentiles of the empirical distribution.   Holding all 5 attributes at their sample means, we estimate willingness to
pay for a doubling of all attributes but home ownership which is increased from 0 to 100%.  Income - price = consumption of non-housing.
85Table Nine
Second Stage Product Fixed Effects OLS Regressions
specification #1 specification #2
Coef. s.e Coef. s.e
 PUMA per-capita murder
 rate
-5.096 3.301 -3.365 4.360
 miles to the cityhall -0.083 0.098 -0.039 0.163
 % of PUMA who are
  owners
1.550 3.011 -1.322 4.186
 constant 1.281 1.770 1.890 1.857
  observations 87 88
  R2 .37 .07
  8 product fixed effects included, standard errors are corrected for PUMA clustering.
 Center City Sample Summary Statistics
  Variable          Obs        Mean   Std. Dev.       Min        Max
  Product
  fixed effect       88    .0399042      3.681  -25.36481   7.323601
  murders per
  1,000 people       88    .2691897     .17124   .0354998   .6021985
  miles from
  city hall          88    5.224006   3.146516   .9998525   12.55009
  % of PUMA who
  own                88    .5600026   .1279661   .2770061   .7205254
86Table Ten
Philadelphia Migrant Willingness To Pay by Demographic Group
 Demographic Group Willingness to Pay in $ per year for an increase
of;
 type white pers age income cons to avoid a .0003
probability of
murder
if ownership in the
community increases
by 50 percentage points
 1 0 2 30 18700 13200 -1395.91 769.51
 2 1 2 30 18700 13200 -3130.8 1941.84
 3 0 4 30 18700 13200 -1421.65 784.98
 4 1 4 30 18700 13200 -4380 2993.5
 5 0 2 45 18700 13200 -1462.35 809.54
 6 1 2 45 18700 13200 -3561.23 2280.92
 7
0 4 45 18700 13200 -1524.32 847.18
 8 1 4 45 18700 13200 -5667.02 4341.49
 9 0 2 30 34253 27562.5 -2924.8 1612.82
10 1 2 30 34253 27562.5 -5045.71 2975.01
11 0 4 30 34253 27562.5 -2958.97 1633.35
12 1 4 30 34253 27562.5 -5762.46 3479.93
13 0 2 45 34253 27562.5 -3014.8 1667
14 1 2 45 34253 27562.5 -5380.09 3207.51
 
15 0 4 45 34253 27562.5 -3075.88 1703.93
16 1 4 45 34253 27562.5 -6317.62 3888.53
17 0 2 30 54000 45756 -4862.25 2681.52
18 1 2 30 54000 45756 -7546.19 4377.42
19 0 4 30 54000 45756 -4906.85 2708.32
20 1 4 30 54000 45756 -8203.5 4820.36
21 0 2 45 54000 45756 -4980.45 2752.65
22 1 2 45 54000 45756 -7895.42 4611.32
23 0 4 45 54000 45756 -5051.44 2795.52
24 1 4 45 54000 45756 -8701.25 5163.64
Using the results from Table Nine and the structural estimates presented in the paper, we simulate willingness to pay for
murder and PUMA ownership  for 24 people. Income is based on the 25
th, median and 75
th percentiles of the empirical
istribution.    All other product attributes are held at their sample means.
87Figure One
Housing Expenditure Shares
Philadelphia Migrants Expenditure Shares for Housing
Household Income ($1,000)
 Expenditure Share for Renters  Expenditure share for Owners
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